
i.v. 
J -

EPA CONTRACT NO. 68-02-3818 
Work Assignment 7 

•-> 
f-;, • 

V. 

.3 -••"• !•-;> 

r; V,:-f i'T£''4*feiel-'i; ''- . >1 -L" 

'..J - • =#ciW': 
• T. Z \ '••.;••;.••• • .-w^- '. '• -».- "' A-- ••^.tK'". :'-^--
,' ;~v'_ -,• . ; "'K-'"' 7 ^ -/Aw-- *• • '"' -• —' • .\ ^ • , •-:••••. j^'.. ^ -.^'-v---Vv/V-V ' •.-" •,•; 

". ,".'.''';r •••' 
.,_ . • ,'• .f . 

-'"•- •'-. *'v "•" r.-T ,' ' 

- ••' •". ^''''C^"-. ^"•-•C-"'" :•>••.-. '•' 
•' '•' ']_•:[ W-•."' * 

•,"', '• \./ •"V'; '-'*ri*7 

^-r: :.• • •- v 
:i:-' ^'•. 

Of. s /; 

:V" 
- iL i %''/':• "•. 

> "r - " :»» 

.f.-. /•• j«-••*••' •Cav-^N.•••7' .! .v- V-;, 1. ArV'.''•••-• -

COESPORATION 

S 



DCN 203-012-07-05 

SOURCES AND EMISSIONS 
OF 

POLYCYCLIC ORGANIC MATTER (POM) 

EPA CONTRACT NO. 68-02-3818 
Work Assignment 7 

Prepared for: 

Ray Morrison (MD-12) 
EPA Project Officer 

Pollutant Assessment Branch 
Office of Air Quality Planning and Standards 

U.S.. Environmental Protection Agency 
Research Triangle Park* NC 

• I 

Prepared by: 

Mary E. Kelly 
Radian Corporation 
8501 Mo-Pac Blvd. 

Austin# Texas 

December 13# 1983 

8501 Mo-Pac Blvd I P.O. Box 9948 / Austin, Texas 78766 / (5-12)454-4797 

• , 



DISCLAIMER 

This report was furnished to the Environmental Protection Agency by 
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Contract No. 68-02-3818* Work Assignment No. 7. The opinions* findings* and 

conclusions expressed herein are those of the authors and not necessarily 
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SOURCES AND EMISSIONS 

OF 

POLYCYCLIC ORGANIC MATHER (POM) 

1.0 INTRODUCTION 

The purpose of this report Is to .provide updated estimates of national 

polycycHc organic matter (POM) emissions for the man-made source categories 

listed In Table 1-1. 

These estimates will allow EPA to Identify major POM source categories 

based on current Information and to assess the ipotentlal for achieving signif

icant POM reductions within the established regulatory framework. Background 

Information provided for each category will also allow EPA to make preliminary 

evaluations regarding the current regulatory status of the category» emission 

controls currently used* geographical distribution of sources* and future 

trends which may Impact POM emission levels. Information provided for each 

source category* as available* lis listed below: 

o brief source category or process description Including 
potential POM emission points* 

o emission control methods (for pollutants other than POM) 
currently used.* their effect on POM* and a brief discus
sion of NSPS* NESHAPs* or SIP air pollution regulations 
(If they are applicable)* 

o geographical locations of sources* 

o available POM emission factors* 

o national POM emission estimates for a baseline year* and 
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TABLE 1-1. POM SOURCE CATEGORIES EXAMINED 

Burning Coal Refuse and Other Open Burning 

o Combustion of Solid* Liquid* and Gaseous Fuels for Heat 
and Power Generation 

- Utility coal* oil* and gas combustion 
- Industrial coal* oil* and gas combustion 
- Industrial wood combustion 
- Commercial/Institutional coal* oil* and gas combustion 
- Residential coal* oil* and gas combustion 
- Residential wood combustion 

o Coke Production 
o Iron and Steel Processes 
o Asphalt Production 

- Hot Mix for Paving 
- Saturated Felt for Roofing 

o Catalytic Cracking In Petroleum Production 
o Combustion of Municipal* Industrial* and Commercial 

Wastes 
o Carbon Black Production 
o Wood Charcoal Production 
o Vehicle Disposal 
o Mobile Sources 

- Gasoline autos 
- Diesel autos 
- Diesel trucks 
- Tire wear 
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o readily identifiable trends-likely to Influence POM 
emissions from the categories. 

The report has been organized Unto four sections. Section 2.0 summarizes 
the national emission estimates for the source categories studied. A 
discussion of factors affecting data quality and the methodologies used to 
develop national estimates of total POM emissions Is presented In Section 
3.0. Natural sources of POM and man-made (anthropogenic) sources are 
described In detail In Sections 4.0 and 5.0» respectively. 

The POM emission estimates presented are based on existing published 
information. No source tests or site visits were conducted. In most cases* 
the project scope and time constraints precluded a thorough examination of the 
source characteristics and emission test methods used to develop the published 
emission data. In some cases such information' was not available. However* 
every effort has been made to use representative and well-documented emission 
factors available In the published literature. Questionable data and areas 
where additional Information would be useful have been Identified to facili
tate further assessments In this area. 

A fairly substantial amount of information has been published on specific 
types of POM emissions (most notably benzo(a);pyrene) from the source cate
gories examined In this study. However* data were particularly scarce for 
forest fires and open burning* vehicle disposal* and burning coal refuse 
piles. Unfortunately* reporting of total POM emissions Is not common. For 
some source categories emission factors were available only for a specific POM 
compound* for example benzo(a)pyrene (BaP)* for benzene soluble organlcs 
(BSC)* or for polynuclear aromatic hydrocarbons (PAH). Polynuclear arcmatlcs 
are a subset of total POM. This distinction Is discussed further In Section 

3.1.1. While PAH emission factors were considered appropriate for developing 
total POM estimates* BaP and BSO were not used because there are no well-
established correlations relating the amount of these compounds to the total 
POM emitted. (See Section 3.0). lihus>* for a few source categories develop
ment of total POM emission estimates was not possible. 
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An Important consideration Involved In making relative comparisons be

tween the total POM emission estimates developed here Is that different pub

lished emission, factors are very often Inconsistent with respect to what POM 

compounds are Included* even If the emission factor Is defined as representa

tive of "total POM". No attempt was made to resolve the differences In the 

bases of reported emission factors* but In each case the compounds included in 

the emission factor data used are Identified (see Section 5.0.). 

Tihere are three other areas of uncertainty or Inaccuracy which can poten

tially Influence the reliability of the emission estimates provided: 

o sampling and analytical problems* 

o accurate characterization of the emission control status 
of source categories* and* 

0 the accuracy of production or fuel consumption data used 
in calculating total POM emission estimates. 

Pertinent factors in each of these areas are discussed In Section 3.0. 
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2.0 SUMMARY OF NATIONAL TOTAL POM EMISSION ESTIMATES. 

In this section national emission estimates for the source categories 

evaluated are summarized. The methodologies used to develop the estimates and 

factors which affect reliability of the estimates are dlscussedi In Section 3. 

Table 2-1 presents a summary of the 1980 national POM emission estimates 

for man-made source categories. These estimates generally reflect some degree 

of POM control resulting from application of particulate matter or other emis

sion control technologies applied to facilities within the source category. 

Development of these estimates Is discussed In detail In Section 5.0. Natural 

POM sources are discussed In Section 4.0. An effort has been made In Table 

2-1 to provide a rough qualitative assessment of the relative rellabllltv 

of the estimates. Relative reliability J;udgments were based primarily on the 

extent of data upon which emission factors were based* the estimated quality 

of the production or fuel consumption figures used to calculate national emis

sions* and the degree to which the emission control status of the source cate

gory could be reliably determined. The quality of the sampling and analytical 

techniques used to gather the published emission data was not considered in 

formulating the relative relliability estimates. 

Table 2-1 also summarizes Information on possible trends which may 

Influence POM emissions from the source categories. The expected effect of 

the trends In increasing or decreasing! emissions Is noted where such a Judg

ment was possible based on available Information. 

Table 2-1 shows that the most significant categories of POM emissions are 

(1) the combustion of wood In residential stoves and (2) mobile sources. The 

high level of POM emissions from residential wood combustion Is due primarily 

^-1 
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TABLE 2-1. SUMMARY OF 1980 NATIONAL POM EStlMATES 

Source Category 

Estimated 1980 
Annual POM Emissions 

Metric tons/yr 
(tons/yr) 

Relative 
Reliability 
of Estimate* 

Trends Influencing 
POM Emissions 

Effect of Trends 
on POM Emissions 

BURNINS COAL REFUSE fflP 
OTHFR OPEN BIIRNlNfi 

o Burning coal refuse piles. 12.2 (13.4) Poor 
outcrops, mines 

o Agricultural Open Burning DNAI> 

o Prescribed burning 300 (330) Very Poor 
(fire management) 

(MMBUSTION OF SOLID.,LIQUTD 
ANP-GASEQUS FUELS FOR HEftT 
ANP FWER SEWERATim 
Utility Combustion 

o Coal 9.1 (10.0) Good 

o on 2.2 (2,4) Fair 

o Gas 2.1 (2.3) Good 

Industrial Combustion 

o Coal l.S (1.7) Fair 

o on 0.48 (0.53) Fair 

o Gas 1.1 (1.2) Fair 

o Wood S9.6 (65.6) Fair 

(^ommerclal/Instltutlonal (C/I) 
(knbustloh 

p Coal 0.17 (0.19) Poor 

o on 0.30 (0.33) Poor 

o Gas 0.84 (6.92) Poor 

Required preventative disposali 
extinguishing existing fires 

(Possibly) more diligent enforce
ment of open burning regulation 

Long-termI Improved fire control 
techniques to reduce POM 

N5PS for new unltsi requirement 
of PM(= control for fuel switching 
(to coaDi projections of fossil 
fuel-flred utility growth are vari
able, but new capacity growth has 
slowed In recent years. 

Pending NSPS requiring PM control 
for new bollerst Increased use 
of coal I Industrial growth. 
Projected growth in wood consimp-
tlon; pending NSPS requiring PM 
control 

Growth In urban areas requiring 
C/I boilers; some subject to 
pending NSPS for PM control, 
others only to SIP or local 
regulations 

Decrease 

No change or siIght decrease 

No change pr slight decrease 

No change or slight decrease 
because of stringent emis
sion control for new units. 

Slight Increase possible If 
coal-use In Industrial 
boilers Increases signifi
cantly. 

n 
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TABLE 2-1. SUMMARY OF 1980 NATIONAL POM ESTIMATES (Continued) 

Source Category 

Estimated 19B0 
Annual POM Emissions Relative 

Metric tons/yr Reliability 
(tons/yr) of Estimate' 

Trends Influencing 
POM Emissions 

Effect of Trends 
on POM Emissions 

Residential Combustion • 

0 Coal 

0 0(1 

0 Gas 

172 (189) 

3.8 (4.2) 

14.7 (16.2) 

Fair 

Fair 

Fair 

Decreasing use of coal but pre
dicted Increase In use of uood; 
widespread use of emission con
trols not likely In the near 
future 

Possibly significant 
Increase due to Increased 
wood consumption. 

0 Hood Stoves 7022 (7724) Poor to fair* 

0 Hood Fireplaces 502 (552) Poor to fair 

COKE PRPPUCTION Poor to fair' Pending coke oven NESHAPS 
continued control through 
SIPs; moderate growth (1 to 31) 
tied to steel Industry 

Possible decrease because 
of NESHAPs (new and existing 
sources) 

IRON m STEEL PROCESSES 
0 Sintering 
o Ferroalloy production 

- covered furnaces 
- open furnaces 

ONA 

DNA Fair 

Low to moderate growth In produc
tion (1 to 3X); new and some 
existing ferroalloy facilities 
subject to NSPS 

No change or possible 
decrease 

ASPHALT PROOUCTICN 

o Hot mix for paving 

o Saturated felt for roofing 

0.29 (0.32) 

0.03 (0.03) 

Good 

Good 

NSPS for some existing and new 
hot mix plants; no significant 
changes In production levels; 
housing Industry growth; NSPS 
controls for roofing product 
plants 

Difficult to asMss 
because of lack of data on 
effect of particulate con
trols on POM Missions 

CATALYTIC CRACKING IN 
PETROLEUM PRQOUCTION 0.31 (0.34) Good 2 to 3X drop In amount of oil 

subject to cracking; more 
efftclmt cracking; NSPS for 
new and some existing fluid 
catalytic cracking operations 

Decrease 

(Continued) 



TABLE 2-1. SUmARY OF 1980 NATIONAL POM ESTIMATES (Continued) 

Source Category 

Estimated 1980 
Annual POM Emissions 

Metric tons/yr 
(tons/yr) 

Relative 
Reliability 
of Estimate* 

Trends Influencing 
POM Emissions 

Effect of Trends 
on POM Emissions 

COMBUSTION OF MUNICIPAL. 
INDUSTRIAL. AND COmERlCAL 
UASIES 

o Municipal Mild uaste 0.14 (0.15) 
Incineration 

o Conmerclal and Industrial 440 (484) 
Incineration 

o Municipal Mild uasterflred DNA 
boilers 

o Refuse-derived fuel-fired DNA 
boilers 

CfflBON BL/CT PRODUCTION 2.1 (2.3) 

WOOD CHARCOAL PRODUCTION 1.3 (1.4) 

VEHICLE-DISPOSAL DNA 

Fair 

Poor9 

Fair 

Fair 

Hunlclpal^trend toward large, 
more efficient Incinerators 
and boilers; NSPS requiring PM 
control for new units, rela
tively low growth 

Industrial-decreased Incineration 
due to PM emission control 
requirements; possible unregulated 
combustion of hazardous wastes In 
boilers; Increase In incineration 
with heat recovery (wood products 
Industries) and for resource 
recovery; no NSPS for new sources 

Annual growth rate 2 to 3X> new 
plants subject to SIPs; ho NSPS 

General trend toward larger plants 
that are more amenable to emission 
control; no Indication of signifi
cant growth 

Trend toward more efficient 
Incineration of shredded auto 
body steel In rotary Incinera
tors; continued open burning 
prohibitions 

Municipal-slight decrease 
or no change 

Industrial-difficult to 
predict 

Slight IncreaM possible 

No change or slight 
decrease 

Decrease 

((k>nt1nued) 



TABLE 2-1. SUMMARY OF 1980 NATIONAL POM ESTIMATES (Continued) 

M 
i 
Ul 

Source Category 

Estimated 1980 
Annual POM Emissions 

Metric tons/yr 
(tons/yr) 

Relative 
Reliability 
of Estimate* 

trends Influencing 
PON Emissions 

Effect of Trends 
on POM Emissions 

MOBILE SOURCES 

o Gasoline-fueled autos 
and trucks• diesel autos 
and trucks, buses, mrtorr 
cycles, railroads, air
craft. etc. 

6400 
(7040)'» 

Poor 

o Rubber tire uear 

TOTAL MAN MADE 

DNA 

1S311 (16842)* 

Gasoline-consumption in autos 
expected to decrease because of 
Increased diesel use. conserva
tion. high-mileage models) 
continued use of emission 
controls 

Diesel-increased diesel use in 
autos. no emission controls 
generally used 

No significant changes expected 

Gasoline-decrease 

Diesel-Increase 

No change 

*Sca1e Is Very Poor. ftor. Fair. Good. Basis for assessments is discussed in text. 

''DNA: POM emission factor data required to develop national* estimate not available. 

^PM: particulate matter. Control of PM. especially fine particulate matter will result In control of associated PCM. Typical controls 
(for new sources) are ESPs. fabric filters, (efficient for fine ni). and wet scrubbers (high pressure drop types efficient for PM 
and also control vapor-phase TOM). 

''Trends will depend on fuel choice-increased use of coal may result in increased POM if efficient PM controls not required. 

*lfide range of emission factors In literature; uncertainty in wood combustion data. 

'Based only on door leaks and quenching tower emission, the two process operations for which POM data were available. 

9Inadequato emission factor and waste combustion data. 

''Estimate based on actual data and derived emission factors for specific PAH compounds. Literature suggests multiplying this value by 3 
to estimate total fAH emissions (I.e.. 6400 x 3 « 19.000 metric tons). Based on 1979 fuel consumption data. 

'Does not Include 824 metric tons/year (906 tons/year) PON emission estimates for wildfires. 



to the Inefficient combustion conditions In wood stoves. Also* the level of 

wood consumption In residential stoves has Increased significantly in the last 

few years (see Section 5.3.4:). However# It should be noted that a wide range 

of POM emission factors for this category was found In the literature. Re

ported emissions factors varied between O.OS and 0.37 gm POM per kg of wood 

burned. Thus# national POM estimates for this category could vary from 1300 

to 9600 metric tons/yr. (A 0.27 gm/kg factor was used to calculate the esti

mate reported In Table 2-1. This value Is an average of six well-documented 

emissions tests of representative wood stoves.) Emissions from this category 

are projected to increase due to increased, wood consumption and the lack of 

emission controls on residential stoves. 

The value for the mobile sources category represents total mobile source 

emissions of 27 specific PAH compounds. (As discussed In Section 1# when no 

total POM emission data were located# estimates of PAH emissions were used.) 

The authors of the report from which the estimate in Table 2-1 was obtained 

suggest that this value should be multiplied by three to estimate "total PAH" 

emissions for this category# resulting in an annual emission estimate of 

19#000 metric tons. However# the authors also note that their emission fac

tors# which are based on very limited available emission data for certain PAH 

compounds "extrapolated" to estimate total PAH emissions from different types 

of mobile sources# are uncertain by at least a factor of 2. The more con

servative estimate has been Included In Table 2-1 since little Information was 

provided to support tripling this value to obtain total PAH. 

Other source categories for which the estimated POM emissions are rela

tively significant include prescribed burning for forest fire management# 

Industrial wood combustion# residential coal combustion# wood fireplaces# coke 

production# ferroalloy production# and commerlcal and Industrial Incineration. 

Of these categories# emissions from Industrial wood combustion and Industrial 

Incineration may potentially increase In the next few years. 

2-6 



Development of total POM esttmates was not possible for agricultural open 

burnlngt Iron and steel simtering# waste-fired boilers, or vehicle disposal. 

Generally, the only ROM-related emission factor data available for these cate

gories were In terms of benzo(a)ipyrene (BaP). 
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3.0 RELIABILITY OF EMISSION: ESTIMATES 

The purposes of this section are to briefly explain some of the problems 

associated with developing total POM emission estimates from available data 

(Section 3.1) and to give the reader a general picture of the quality of total 

POM: data contained In available publications (Section 3.2). 

In categories for which adequate data were available* national total POM 

estimates were generally developed by multiplying a POM emission factor (lin 

terms of POM' per unit of production or consumption) by national production or 

consumption values for the baseline year of 1980. 

Emission factors used Im developing national POM estimates were obtained 

from published literature. iNb source tests were conducted. The general sam

pling and analytical techniques used In the original tests were noted where 

such Information was readily available. In addition* the specific POM com

pounds Included In the reported emission factors were listed (when that infor

mation was available). As previously stated* a thorough examination of source 

characteristics and emission test methods used In collecting the reported 

emission data was not possible within the scope and time frame of this study. 

National production or fuel consumption data were obtained from, 

published sources for the baseline year of 1980. For categories in which no 

1980 iproductlon or consumption data were readily available* estimates were 

developed by extrapolating the most recent data located. 

The specific methodology used to estimate emissions for each man-made 

source category Is documented in the text (Section: 5.0). Additional Informa

tion on the development of national estimates for utility* Industrial* commer

cial* and' residential combustion sources Is provided In Appendix A. 
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3.1 DEVELOPING TOTAL iPOM ESTIMATES 

3.1,.l Emission Factors for POM 

The emission, factors used In Section 5.0 to develop national total POM 

estimates are subject to considerable uncertainty. This section discusses 

some of the problems associated with using available published em1sslon< factor 

data for total POM. 

Table 3-1 lists some of the POM compounds Identified In air emission 

samples. The list was compiled from three references (1*2*3) and thus does 

not represent an extensive search of the literature. However* all the major 

POM compounds are Included (although all their Isomers may not be listed). 

Reported POM emission factors for the various source categories vary with res

pect to what compounds are actually Included In the emission data. This Is an 

Important consideration when comparing the POM emission estimates developed 

for various source categories. 

Many of the past emission data gathering efforts have focused on one par

ticular POM compound: benzo(a)pyrene (BaP). This compound has been targeted: 

primarily because It Is a known animal carcinogen and because It Is relatively 

easy to separate and Identify. However* BaP data cannot reliably be used to 

develop total POM emission estimates because (1) there Is no weTl-establIshed 

data base on BaP/POM ratios and (2) BaP/POM ratios appear to be a function of 

source type and* In some cases* operating conditions of the source. Table 3-2 

shows POM ratios calculated from the most recent comprehensive report on POM 

emission sources (4). The ratios shown In Table 3-2 are based on the Interme

diate weighted average emission factors given In' Reference 4. However* all 

the emission factors In the referenced report are based on fairly limited data 

and are of questionable value due to significant variations In sampling and 

analytical techniques. Because of these concerns about the reliability of any 

BaP/POMi ratios they were not used to develop total POM! estimates. 
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RADIAN 

TABLE 3-1. COMPARISON OF POM AND PAH COMPOUNDS^ 

POM Compound^ 
Included In 

PAH?c 

Anthracene Yes 
Benz(a)anthracene Y 
7»12-dtmethy1benzanth racene Y 
Dibenzanthracenes Y 
Methyl anthracene Y 
Ethyl anthracene Y 
Methy1-benz o Ca]anth racene Y 

Aceanthrylene Y 
Benz(J)aceanth ry1ene Y 
3-Methylcholanthrene Y 

Acr1d1ne N 

Anthanthrene Y 
Methylanthanthrene Y 

Benztdene N 

Benzlqulnol1ne N 

Blphenyl Y 
Methylb1phenyl Y 
Polychlortnated blphenyls N 

Chrysene Y 
Methylchrysene Y 
Dimethylchrysene Y 
Benzo(b}chrysene Y 
Methylbenzo(b)ch rysene Y 

Coronene Y 

Fliuorene Y 
Methylf1uorenes Y 
FTuorene carbonttrlle N 
Benzofluorenes Y 
Dlibenzofliuorenes Y 

(Contlinued) 
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TABLE 3-1. COMPARISON OF POM AND PAH COMPOUNDSa (Continued) 

POM Compound'' PAH?c 

Fluoranthene Y 
Methylf1uoranthene Y 
TrImethyTfluoranthene Y 
Benzo(g» h»1)f1uoranthene Y 
Methy 1 benzo(g<» h»1) fTuor anthene Y 
Benzfluoranthenes Y 
0-pheny1ene-fluoranthene Y 
Methyl-o-phenylene-fluoranthene Y 

Napthene Y 
Naptho(2*3-a)<pyrene Y 
3*B*-B1napthyl N 

Perylene Y 
Benzo(g»hf1)pery1ene Y 
Methylbenzo(g»h«1)pery1ene Y 

Phenanthrene Y 
Methylphenanthrene Y 
Ethylphenanthrene Y 
Dimethylphenanthrene Y 
Benzophenanth renes Y 

PI cene Y 

Pyrene Y 
Benzo(a)pyrene Y 
Benzo(e)pyrene Y 
Dibenzopyrenes Y 
Indeno(l*2»3-c»d)pyrene Y 
Methylpyrene Y 
Trlmethylpyrene Y 
Methylbenzopyrenes Y 
Dlimethy llbenzopy renes Y 
Methyl Indeno(lv2»3-c»d)pyrene Y 

Benzo(c)tetraphene Y 
Methylbenzo(c)tetraphene Y 

Triiphenylene Y 
Methyltr1phenylene Y 

(Continued) 
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TABLE 3-1. COMPARISON OF POM AND PAH COMPOUNDSa (Conitlnued) 

Included 1n 
POM CcmpoundO PAH7C 

Others 
Carbazole N 
Benzo(a)carbazole N 
Dibenzocarbazoles N 

Polychlortated dlbenzo-p-dloxlns N 

Polychlorlnated dlbenzofurans N 

Imlno arenes N 
e.g.f aromatic HC with ring 
N with a H 

Carbonyl arenes N 
e.g.» aromatic HC with one 
ring carbonyl group 

01carbonyl arenes (quinones) N 
e.g.* two ring carbonyl groups 

Hydroxy carbonyl arenes N 
e.g.* ring carbonyl aromatic HC 
with hydroxy groups and possibly 
alikoxy or acyloxy group 

Oxa-arenes N 
e.g.* aromatic HC with ring 0 atom 

Thia arenes N 
e.g.* aromatic HC with ring S atom 

^Based on limited sources of Information. 

^Refs I* 2* and 3. Not all synonyms shown. 

cpAH = polycycllc aromatic hydrocarbons as defined In Reference 1, 
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TABLE 3-2. BaP/POM AND BSO/POM RATIOS CALCULATED FROM READILY AVAILABLE DATA (4) 

Source Emission Control BaP/POM BSO/POM 

CJ 

CM 

PC® Boller-Utnity 
(Coal) 

Vertical-fired 
Vertical-fired 
Front wall-fired 
Tangential1y-f1 red 
Opposed firing 

Cyclone-fired utility boiler 
Spreader stoker utility boiler 
Utility boiler-total population'' 
Industrial coal-fired boilers-total'' 
Residential coal-fired bollers-total'' 
Residential coal stoves'' 
Residential fireplaces'' 
Industrial 611-fired bol 1 ers-total'' 
Comm/Inst. oil-fired bol 1 ers-total'' 
Residential oil-fired heating-total'' 
Indusrial gas-fired boilers 
Residential gas-fired heating 
Catalytic cracking-total'' 
Catalytic cracklng-^-total'' 
Coke Production 

Wet charging 
Pushing 
Quenching 
Door leaks 
Battery stacks 

Asphalt saturators-general 
Air blowing-total'' 
Hot mix 
Hot mix 

Iron and steel sintering 
Carbon black 
Municipal 1 ncl nerators-total'' 
Commercial 1 ncl nerators-total'' 

None 
MCd/ESP 
ESP 
MC/ESP 
MC 
ESP 
MC 
"Controlled" 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
CO Boiler 

"Control 1ed" 
"Controlled" 
Cyclone 

Cyclone & spray tower 
None 
None 
"Controlled" 
None 

0.08 
0.08 
0.05 
0.16 
DNRe 
0.04 
0.11 
0.08 
0.02 
0.05 
DNR 
0.04 
0.05 
0.05 
0.02 
0.06 
0.03 
0.01 
0.04 

DNR 
DNR 

3.33 X 10-6 
0.33 
DNR 
0.25 
0.02 
0.07 
0.01 
DNR 
DNR 
0.01 
0.04 

180 
3.8 

DNR 
DNR 
1.0 
58 
DNR 

(Continued) 



TABLE 3-2. BaP/POM AND BSO/POM RATIOS CALCULATED FROM READILY AVAILABLE DATA (4) (Continued) 

Source Emission Control BaP/POM 

Open burning 
- Municipal refuse None 0.12 

Auto bodies/components None 0.14 
- Grass, leaves, branches None O.II 

Bagasse boilers Cyclone 0.01 , 
Forest fires heading None 3.8 X 10^3 

backlng None 0.02 
Gasoline autos-total*^ c DNR 
Diesel autos-total^ None DNR 
Diesel trucks None 1.2 X 10-

BSO/POM 

CA> 

®PC; pulverized coal, 

''Weighted average of total population of sources In category. 

Weighted average based on 1976 auto population. 

^MC: mechanical collector. 

®DNR: Data not reported. 



Another ••indicator" of POM emissions* often used In reporting coke oven 

emissions* Is benzene soluble organlcs (BSC). Although most POM compounds 

(Including BaP) are soiubile In benzene* BSO Is not necessarily equivalent to 

POM because It Includes compounds other than POM (6). It has been established 

that BaP Is generally about 1 percent of BSO in coke oven emissions (7). How

ever* since this correlation applies only to coke ovens and since BSO includes 

compounds that are not POM* the correlation was not considered useful for 

developing total POM estimates. 

More recently* techniques have evolved for sampling and analysis of poly-

nuclear aromatic hydrocarbons (PAH). These compounds are a subset of total 

POM as Indicated by Table 3-1. Measurements of PAH do not Include such POM 

groups as aza arenes* Imino arenes* carbonyl and dicarbonyl arenes* hydroxy 

carbonyl arenes* oxa-and thia-arenes* and polychlorlnated polycycllc com

pounds. However* PAH does Include most of the major POM compounds and* as 

such* PAH emission factors were considered to be appropriate for use In 

developing total POM estimates where no other data were available. 

Some total POM emission factors have been reported In the literature* 

although most of these data were collected In two or three studies In the late 

60*s and early 70's. These Initial studies have been cited repeatedly In more 

recent reports* but not much new total POM emission data have been collected. 

The general emission test method used In collecting the reported data* 

the compounds Included In the measurement(s)* and the key characteristics of 

the source(s) tested have been reported here when such information: was readily 

available in the literature sources used in this study. 

3.1.2 NftttQpal ^migsign Egtitnqtgs 

The most uncertain aspect of developing national emission estimates for a 

source category Is the assumption that an emission factor based on limited 

test data for a narrow range of sources can be considered representative of 
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the entire source category. In reality* POM emissions from specific sources 

win vary with; 

o raw materials used* 

o process design and operating conditions* and 

o emission control technology applied. 

Most of the emission factor data used was reported to have been obtained 

from "representative sources" with respect to raw materials and process design 

and operating conditions. In some cases* emission factors for a weighted 

average source population had been developed In the literature. Variations In 

raw material and process conditions tend to be averaged out over the source 

category population and thus should not Interfere greatly with the development 

of useful national emission estimates. 

The Impact of emission control technology application Is more difficult 

to assess. Emission factors reported In the literature vary with respect to 

whether they were measured before or after the emission control device. 

Additionally* there Is a significant latk of data regarding the effect of 

technologies designed to control other pollutants (particulate* NO^* SO2* (30* 

or hydrocarbons) on POM emissions. Finally* "controlled" emission factors In 

the literature may not be representative of the emission control technologies 

currently used In the source category. 

During the course of developing national emission estimates* applicable 

Federal air pollution regulations (NSPS* NESHAPs) were briefly reviewed to 

determine the emission controls required for sources subject to such regula

tions. Also* readily available published Information on the current use of 

emission controls In the source category was assembled. Engineering Judg

ments were made In some cases to use emission factors representative of the 

application of a particular technology to the entire source category. Despite 

these efforts* however* the national Impact of current non-POM emission con

trol technology requirements on POM emissions Is difficult to assess (even 
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qualitatively) and Is likely to be a major factor In the usefulness of the 

national POM estimates develbpedi In this study. 

National production or fuel consumption estimates Inherently contain 

sane Inaccuracies associated with the collection and documentation of such 

data. For the following source categories the data used to develop national 

estimates were considered particularly susceptible to Inaccuracies: 

o tonnages of material burned In forest fires and other open 
burning# 

o tonnages In burning coal refuse piles# outcrops# and 
abandoned mines# 

o residential wood consumption# and 

o the amounts of refuse combusted In municipal# Industrial# 
and commercial Incinerators. 

3.2 QUALITY OF REPORTED EMISSIONS DATA 

Much of the POM emitted Is associated with small particles entrained In 

the exhaust gases from the source (I.e. plant or process equipment). There

fore# high small particle collection efficiency Is an Important consideration 

In the accuracy of the sampling apparatus used In measuring POM emissions. 

EPA Method 5# which has been adopted as a standard method for measuring par

ticulate matter emissions# Is the method most commonly employed' to measure POM 

from stationary emission sources. 

Some POM compounds from certain sources are emitted as vapor. The vapor-

phase POM emissions are not totally captured by the typical Method 5 particu

late sampling apparatus used to measure POM. Depending on the temperature of 

the source stream and the sampling apparatus temperature# undetected emissions 

of POM may be significant (8). 

Another problem with typical POM measurements Is the potential for loss 

of POM already trapped on the sampling, train filter. Such losses are reported 
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to Increase with tncreaslng> gas velocity and Increasing gas temperature. POM 

losses can also occur through chemical rearrangement of the collected sub

stances on the filter surface. One source has reported that POM emission 

measurements based on conventional Method 5 particulate sampling techniques 

are low by a factor of 2 to 200 (8). Modified Method 5 techniques using 

Impingers and solvent-filled bubble trains have been shown to substantially 

reduce POM losses. Advanced techniques using sorbent resins to capture vapor 

phase POM can result In much more accurate results* but these techniques do 

not appear to generally have been used In collecting the available data 

reported In much of the published literature. 

A variety of analytical methods have been and are being used to analyze 

the collected samples for POM. Apparently* agreement t^etween' POM concentra

tions obtained with different analytical techniques can be "expected to be no 

more than an order of magnitude (9)." 

In summary* the uncertainty and variability associated with POM sampling 

and analysis techniques cast substantial doubt upon the accuracy of POM emis

sion factors reported In the literature. Virtually all of the literature 

sources reviewed have included such a caveat in cautioning readers about 

usefulness of the data reported. 
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4.0 NATURAL SOURCES OF POM 

Natural sources of POM emissions are basically natural combustion sources 

such as forest fires and volcanoes. Data on total POM emissions from natural 

sources are scarce. The only readily available emission factors located were 

from laboratory tests of burning pine needles. These emission factors and 

corresponding national estimates are discussed below. 

Table 4-1 shows POM emission factors reported for the laboratory forest 

fires (1). As Indicated# the emission factors vary by up to three orders of 

magnitude depending on the type of fire. Other variables that significantly 

Impact emissions from forest fires are: 

o the type of vegetation burned# 

o burning conditions# and 

o weather conditions. 

In 1980# the U.S. Forest Service estimates that 1.8 x 10^'^ m^ (4.43 

million acres) were burned In wildfires (2). This figure Includes all types 

of wildfires# from grasslands to forests. At an average of 2.3 kg/m^ {,10.4 

tons/acre turned)# this amounts to approximately 41.2 million metric tons/yr 

(45.3 million tons/yr) of vegetation burned In 1980 (2). 

The average Intermediate POM emission factor for all types of fires 

Included In the lab study results Is 20 mg/kg burned. Multiplying this 

emission factor by the total estimate tonnage burned In 1980 yields a rough 

estimate of national POM emissions from wildfires of: 
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TABLE 4-1. EMISSION FACTORS FOR LABORATORY FOREST FIRES (1)® 

Type of Forest Fire Minimum Intermediate Maximum 

Heading (flaming) 3.46 5.3 8.39 

Heading (smoldering) 21.8 • 26 31.5 

Heading (overall) 7.63 14 22.8 

Backing (overall) 10.2 36 172 

®Tests Involved burning pine needles In a controned environment burning room, 
A modified "hl-vol" sampler was used to collect particulate samples. Samples 
were extracted with methylene chloride# separated by liquid chromotography 
and analyzed by GC/MS. 

''Compounds measured: anthracene# phenanthrene# methyl anthracene# 
fl uoranthene# pyrene# methyl pyrene# benzo(c)iphenanthrene# chrysene# 
benzoCalanthracene# methyl crysene# benzofluoranthenes# benzoCalpyrene# 
benzo(e)pyrene# perylene# methylbenzopyrenes# Indeno (l#2#3-c#d}pyrene# and 
benzo(g#ih# 11perylene. 
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(41.2 mil Hon metric tons j / 20 am \ /rnetrte. ton j 

^ yr J \ metric ton/ \10® gm / 

= 824 metric tons/yr (906 tons/yr) 

It should be noted that this estimate Is very rough for two reasons: 

o Very 11m1ted'emission factor data were available# and 
those data were from laboratory fires burning only one 
type of vegetation. 

o Estimates of acreage and tonnage burned In wildfires are 
uncertain and widely varied. 

4.1 REFERENCES 

1. Energy and Environmental Analysis# Inc. Preliminary Assessment of the 

Sources. Control and Population Exposure to Airborne PQIVCVCIIC Qrnanic 

Matter (POM) as Indicated bv Benzo (A) Pvrene (BaPl. Final Report# 

Prepared for U.S. Environmental Protection Agency# Research Triangle 

Park# North Carolina# p. 29# November 10# 1978. 

2. Yamate# George (IIT Research Institute). Emissions Inventory from 
Forest Wildfires. Forest Managed Burns, and Agricultural Burns. 

EPA-450/3-74-062# U.S. Environmental Protection Agency# Research Triangle 

Park# North Carolina# p. 7# November 1974. 
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5.0 MAN-MADE SOURCES AND EMISSION ESTIMATES 

5.1 INTRODUCTION 

This section presents the develiopment of national total POM emission 

estimates for the source categories shown In Table 5-1. The following sec

tions discuss each of the following Items for each source category: 

o a br*1ef source category or process description with 
Identification of POM emission points and the key factors 
Influencing emissions* 

o emission control methods (for compounds other than POM) 
currently used In the source category* their effect on POM 
emissions and a brief discussion of applicable NSPS* 
NESHAPs* and SIP air poTTutlon regulations* 

o geographical locations of sources* 

o available emission factor data* 

o national emission estimates for a baseline year* and 

o readily Identifiable trends In technology* source category 
growth* or emission regulations that are likely to 
Influence POM emissions. 

The baseline year for emission estimates was chosen as 1980. In addition 

to providing relatively recent Information, this year required a minimum of 

extrapolation of .production and fuel consumption data used to calculate 

national emissions. 

A summary of national emiisslon estimates for the various source cate

gories Is contained In Section 2.0. 
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TABLE 5-1. POM SOURCE CATEGORIES EXAMINED 

Section No. Category 

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

5.10 

5.11 

5.12 

Burning Coal Refuse and Other Open Burning 

o Combustion of Solid# Liquid# and Gaseous Fuels for Heat 
and Power Generation 

- Utility coal# oil# and gas combustion 
- Industrial coal# o11# and gas combustion 
- Industrial wood combustion 
- Commercial/Institutional coal# oil# and gas combustion 
- Residential coal# oil# and gas combustion 
- Residential wood combustion 

0 Coke Production 

o Iron and Steel Processes 

o Asphalt Production 

- Hot Mix for Paving 
- Saturated Felt for Roofing 

o Catalytic Cracking In Petroleum Production 

0 Combustion of Municipal# Industrial# and Commercial 
Wastes 

o Carbon Black Production 

o Wood Charcoal Production 

0 Vehicle Disposal 

o Mobile Sources 

- Gasoline autos 
- Diesel autos 
- Diesel trucks 
- Tire wear 
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5.2 BURNING COAL REFUSE AND OTHER OPEN BURNING ̂ 

The. section discusses three sources of POM emissions: 

o burning coal refuse piles» outcrops# and mines 

o agricultural open burning# and 

o prescribed open burning (forest fires). 

Unprescrlbed burning of leaves# grass# and other materials was not con

sidered because of (1) the difficulty of obtaining meaningful data on emission 

factors and tonnage burned and (2) the widespread prohibition of unprescrlbed 

open burning (1). 

5.2.1 Source Category Description 

5.2.1.1 Process Description 

Goal Refuse Piles. Qutcroos. and Mines — Waste material separated from 

coal is often piled into banks near coal mines or coal preparation plants. The 

waste material Is referred to as coal refuse# gob# culm# or rejiect material. 

Indlscrlminant dumping and poor maintenance of refuse piles are two practices 

that can result in spontaneous combustion of refuse piles (2). Spontaneous 

combustion of coal can also result In fires In abandoned mines# outcrops# and 

Impoundments. Emissions of POM from these sources are Influenced by oxygen 

concentration# type of coal and refuse# relative humidity of the ambient air# 

and moisture content and temperature of the burning material (3). 

AorlcuTtural Open Burning — Open burning Is performed In some rural 

areas as a means of controlling agricultural wastes. The burning Is carried 

out In open drums or baskets# Targe-scale open dumps# or pits (4). The rela

tively low burning temperatures and Inefficient combustion^ typical of agri

cultural open burning make It a potential source of POM. Emissions will vary 

widely with the type of waste burned and burning conditions. 
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Prescribed: Open Burntna — Prescribed open burning of forests Is prac

ticed to reduce the chances of wildfires. Prescribed burning Is usually well-

controHed and occurs at a lower Intensity than, wildfires. However* combus

tion tends to be Incomplete due to the high moisture content and varying 

composition of the materials burned (5). Thus* prescribed burning Is a source 

of POM emissions. Emissions of POM will vary widely with the material being 
burned* burning conditions* and weather conditions. 

5.2.1.2 Emission Controls/Regulations 

Coal RgfHSQ Pllep, Qutcropgf Mine? — Various techniques exist to 

control particulate and gaseous emissions from burning coal refuse piles* 

outcrops* and abandoned mines. These techniques are based on cutting off the 

oxygen source to extinguish the fire and on preventing the fire from spread

ing. The control techniques for coal refuse piles Include quenching the pile 

with water and blanketing It with an Incombustible material. Control tech

niques for outcrops and abandoned mines Include the use of fire barriers* sur

face sealing* and flushing void spaces with water or an Incombustible material 
(6). 

No data were available on the use of these control techniques for exist

ing fires. However* In 1975 the U.S. Department of the Interior promulgated 

regulations that require coal companies to dispose of coal refuse In a manner 

that prevents or minimizes the chances for spontaneous combustion (6). 

Agricultural Ooen Burning — Most states have regulations that prohibit 

open burning. However* agricultural burning Is not specifically restricted In 

any of the states (4). Some states do require the farmer to obtain a permit 

and also give local air pollution control authorities discretion over when 

burns can occur (4). 
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Prescribed Ooen Burning — POM emissions from prescrHbed open burning 

can be reduced somewhat by attempting to maintain weT1-controlled and effi

cient burning. No data were available* however* to characterize POM emissions 

as a function' of burning conditions. 

S.2.1.3 Source Locations 

Coal Refuse Piles. Outcrops, and Mines — Locations Of these sources 

are* of course* linked to mining locations. Kentucky* West Virginia* and 

Pennsylvania accounted for about 63 percent of burning coal refuse and Im

poundments In 1972. Montana* Wyoming* Colorado* and New Mexico accounted for 

about 66 percent of burning abandoned mines and outcrops. Other states in 

which these sources are located include Alabama* Ohio* and Virginia (2). 

Agricultural Ooen Burning — Limited data Indicate that agricultural 

burning (In terms of total acres burned) Is prevalent in California* Florida* 

Georgia* Hawaii* Kansas* Louisiana* Mississippi* North Carolina* Oregon* and 

Washington all of which have significant levels of agricultural activity (4). 

Prescribed Burning — Data on the acreage of prescribed burns by state 

were not located. However* based on state-specific particulate estimates from 

prescribed burning* the states where prescribed burning Is used to a rela

tively larger extent (than In other states) are Florida* Georgia* Idaho* 

Montana* North Carolina* South Carolina* Tennessee* Texas* Washington* and 

West Virginia (7). 

5.2.2 Emission Factors 

Coal Refuse Piles. Outcroos. and Mines ~ Preliminary sampling of 

emissions from a burning coal refuse pile was conducted by Monsanto Research 

(torp. (2). Particulate matter collected from a representative coal refuse 

pile using "hi-vol" sampling equipment was analyzed for POM. A total POM 

emission rate of 0.019 mg/m^-hour of burning coal refuse was reported. Based 

on an average density of 1.5 metric tons/m^ for refuse piles* this translates 
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Imto 0.013 mg/hour-metric ton of refuse burned. The POM compounds measured 

are shown in Table 5-2. 

Agricultural Open Burninp — No POM emission factor data were available 

for agricultural open burning. 

Prescribed Burning - No POM emission data were available specifically 

for prescribed burning. Therefore* the emission factors presented In Section 

4.0 for laboratory forest fires were used to develop the estimates. 

5.2.3 Nfltl9n4l Eml'ssjpns Estimgtg? 

Coal Refuse Piles. Ou.tcroos. and Mines — Estimates of the amounts of 

burning coail refuse In piles* outcrops* and mines are difficult to develop. 

Reference 2 reports that In 1968 there were about 250 x 10® metric tons (275 

million tons) of coal refuse In piles* but no estimates were given for 

Impoundments* outcrops* or abandoned mimes,. A representative coal refuse pile 

was defined as having the following characteristics (2): 

o volume: 1.7 x 10®m3 

o dry density: 1.5 metric tons/m^ 

o percent of pile burning: 21 

The total number of active piles In 1972 was estimated at 206 (2). Basedi 

on "typical pile" characteristics and the number of piles the estimated amount 

of burning coal refuse In pllies Is: 

(206 p11es)(1.7 X 10®m3/pile)(1.5 metric tons/m3)(.21) 

° 110 million metric tons (121 mill ion tons) 

This Is less than half the total tonnage estimate given in Reference 2 which 

was based on a Bureau of Mines estimate of "refuse material contained In coal 

piles." Because not all the material Is likely to be burning* the 110 million 

metric ton figure caTculated above Is more suitable for use In calculating 
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TABLE 5-2. POM COMPOUNDS IDENTIFIED IN PARTICULATE EMISSIONS FROM BURNING 
COAL REFUSE PILES (2) 

Dlbenzothtophene 

Anthracene/phenanith rene 

Methylanthracenes/phenanthrenes 

9-Methy1anth racene 

F1uoranthene 

Pyrene 

Benzo(c)phenanth rene 

Ch rysene/benz(a)anth racene 

D1methy1benzoanth racenes 

Benzo(k or b)fluoranthene 

Benzo(a)py rene/Benzo(e)py rene/py rene 

3-Methylcholanthrene 

Dl!benz(a»h or afc)anth<racene 

Indeno(l>2«3-c»d)pyrene 

9H-D1benzo(c»g)carbazo1e 

Di;benzo(a»h or a*1}pyrene 
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national emission estimates from coal refuse piles. Due to a Tack of more 

recent data> the number of piles was assumed to be the same Im 1980 as for 

1972. 

Thus* national POM emissions from coal refuse piles were estimated to be: 

t 0.013 mg. ^ AlO million metric tonsN /8760 hrN/metric ton\ / ga \ 

etric ton/h/ \ / \ yr / \ 10® gm / \1'0^ Mg / 

» 12.2 metric tons/yr (13.4 tons/yr) 

Estimates of national POM emissions frcm burning outcrops and abandoned 

mines could not be developed since no emission factor or "tonnage burning" 

data were available. 

Prescribed Burning — Limited data Indicate that In 1976 approximately 

IS minion metric tons (17 million tons) of forest vegetation was consumed In 
prescribed burns (1). The acreage was assumed to be the same for 1980. 

Multiplying this figure by the 20 gm/metrlc ton average emission factor for 

wild fires presented In Section 4 results In a national POM estimate of 300 

metric tons/yr (330 tons/yr). 

5.2.4 Trends Influencing POM Emissions 

Cgal Rqfgsg P1-l9^r OutcrPPSi Mlnw ~ Proper enforcement of 
existing regulations requiring preventative disposal measures and extinguish

ing existing fires could substantially reduce POM emissions from coal 

refuse piles. However* Indications are that extinguishing existing fires Is 

difficult and costly and* as a result* has proceeded somewhat slowly (8). 

Also* In 1971 there were about 40 burning piles and about 160 Inactive piles 

for which Information on owners was not available. Debate over responsibility 

for extinguishing existing burning, piles of unknown ownership could preclude 

quick action on these sources. 
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Agricultural Ooen Burning — No Information was located on trends In 

agricultural open< burning-. It can be hypothesized that more diligent enforce

ment of open burning reguliattons and public awareness of obvious pollution 

problems will tend to limit agricultural open burning to current or Tower 

levels. 

Prescribed Qnen Burning ~ iBecause of Its use as a wild flire prevention 

technique* the level of prescribed open burning Is not likely to change In the 

near future. In the long term* continued research on fire control techniques 

may provide for some reduction In POM from prescribed burning. 

5..3 COMBUSTION OF SOLID* LIQUID AND GASEOUS FUELS FOR HEAT AND POWER 
GENERATION 

This section examines total POM emissions from the following combustion 

categories: 

o utility coal* oil* and gas combustion* 

0 Industrial coal* oil* and gas combustion* 

o Industrial wood combustion* 

o commercial/Institutional coal* oil* and gas combustion* 

0 residential coal* oil* and gas combustion* and 

o residential wood combustion. 

Combustion of municipal solid waste and Industlal waste Is covered In Section 

5.8. Only combustion In boilers and residential furnaces* stoves and fire

places Is Included In this study. Process heat sources were not covered due 

to a Tack of readily available POMi emission factor data. However* coal- and 

oil-fired' process heaters are a potential source of POM'. 

A general principal applicable to ail these combustion sources Is that 
more efficient combustion- reduces POMi formation (9). Therefore* as discussed 

In detail: later In this section* POM emission factors (POM: emitted' per unit 
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heat Input of fuel) are s.lgn1f1cantlty less for utility combustion sources than 

for less efficient residential stoves. 

The following factors act to Increase POM formation In combustion sources 
(10): 

e 

o :h1gh carbon to hydrogen ratio and high concentrations of 
oxygen and aromatlcs In the fuel* 

o low temperatures In the combustion and post-combustion 
zone* 

o short residence time of combustion gases In the combus
tion chamber* 

o Inefficient fuel/air mixing and lower air/fuel ratios* 

o high frequency of start-up and shut-down* and 

o larger (solid fuel) feed size. 

POM emission rates from combustion sources are highly variable and* as Indi

cated by the factors listed above* are tied directly to fuel type and the 

design and operation of the combustor. 

5.3.1 P?>tpqqrv Pescrtptlgn 

5.3.1.1 Process Description 

POM compounds are formed In the gaseous phase In the combustion zone. As 

the combustion off-gases cool* some POM compounds condense onto particles 

present in the gas stream. POM Is more likely to condense onto the smaller 

particles la the gas stream because of the larger surface arearto-volume 

ratios of small particles (11). At normal flue gas stack temperatures of 

about -150'G (300*F)* significant amounts of POM reportedly exists as vapor 

(9*11). 
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Utmtv Combustion 

Utility coal-fired power plants burn crushed or pulverized coal to 

generate steam* which 1:s In turn used to generate electric power. The common 
utility boiler types are: 

o pulverized dry bottom (vertically-* front wall-* or tan-
gentl ally-fired,)* 

o pulverized wet bottom (opposed-fired)* 

o cyclone (crushed coal)* and 

o spreader stokers (generally used at smaller* older 
utilities)* 

Pulverized dry bottom boilers are the most commonly used* accounting for about 

76 percent of bituminous coal consumption by utilities In 1978 (12). Reported 

POM emission factors vary somewhat between these boiler types (13). 

In 1980* utilities firing coal* oil* and gas together accounted for 

approximately 69 percent of the Installed nameplate capacity of electric 

utilities (14). On a heat Input basis* the 1980 distribution of utility 

consumption of these fuels Is shown In Table 5-3. 

The figure for coal Includes consumption of lignite and anthracite. 

CopibMstign 

Boilers are used In Industry primarily to generate process steam and to 

provide for space heating. Some Industrial boilers are also used for elec

tricity generation. Industrial boilers are widely used In the manufacturing* 

processing* mining* and refining sectors. 

Coal-fired Industrial boilers are generally watertube designs. Firing 

mechanisms Include pulverized'coal and stoker (spreader* underfeed and ov.er-

feed stoker). Most Industrial boilers are front-wall fired (16). Large 
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TABLE 5-3. BREAKDOWNi OF FOSSIL FUEL USE IN COMBUSTION SOURCE CATEGORIES 
1981 DATA 

Category 

Percent of Total Fossil Fuel Consumed In 
Category Aceountad for byC; 
iia oil® Na-hiiral CoaV Natural Gas Reference 

Utility Boilers 
1 

66 13 21 15 
! 

Industrial Boilers 18 17 65 17 

Commerclal/Institutional 
i Boilers 

3 17 80 18 

Residential Furnaces 1 21 78 21 

I -

I •... 

and Stoves 

®Coal figure Includes lignite and anthracite. 

®011 consumed In utility and Industrial boilers Is primarily No. 6 residual 
oil; distillate oil Is primarily burned In residential furnaces. 

®Heat Input basis. 
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Industrial boilers are cctnmonly pulverized coa1-f1red» while underfeed and 

overfeed stokers are usually smaller units. Spreader stokers are found across 

the entire Industrial boiler size range. 

Oil and natural gas are also burned In Industrial boilers. Both water 

tube and firetube designs are common for combustion of oil and gas. 

The estimated 1980 distribution of coal* o11» and gas consumption In 

Industrial boilers Is shown In Table 5-3. 

These data Indicate that coal accounts for a much smaller percentage of 

boiler fossil fuel consumption In the Industrial boiler category than In 

utility boilers. 

Dry or wet wood can be burned In stoker-fired Industrial boilers. Often 

these boilers are equipped with multl cyclones (mechanical collectors) which 

are used to capture large* partially burned particulate for relnjectlon to the 

boiler. 

Commercial/Institutional Combustion 

Boilers and furnaces at commercial and Institutional facilities are used 

primarily to provide space heat. The commercial/Institutional category Is 

defined to Include such facilities as hospitals* schools* office buildings* 

and apartment buildings. The boilers are generally smaller firetube and cast 

Iron designs. Coal-fired units are small stokers. The 1980 distribution of 

coal* oil* and gas consumed In this sector Is shown In Table 5-3. 

These data Indicate that coal consumption Is low relative to oil and gas 

use In the commercial/Institutional category. 
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Residential CQmbust^on 

Coa1-> o11-» and gas-fired furnaces* coal- and wood-fired stoves and 

fireplaces are all used to heat homes. Combustion of coal and wood 1n domes

tic stoves is a slow* low temperature* Inefficient process (19). As discussed 

above* Inefficient combustion generally leads to higher POM emissions on a 

heat Input basis. 

Residential coal-fired furnaces are usually underfeed or hand-stoked 

units; oil-fired home furnaces use pressure or vaporization to atomize the 

fuel; and air Is premlxed with the gas before the burner In residential gas 

furnaces (20). Some types of wood stoves are more efficient than others due 

to differences In sealing of the chamber and control of the Intake and exhaust 

systems. 

The estimated 1980 distribution of residential coal* o1l* and gas con

sumption Is shown In Table 5-3. 

Wood consumption In residential units Is discussed In Section 5.3.3. 

5.3.1.2 Emission Controls/Regulations 

This subsection provides a brief overview of the particulate* SO2* and 

NO^ emission controls typically applied to utility* Industrial* commercial/ 

Institutional* and residential combustion sources. Available qualitative 

Information on the Indirect effect of these emission control technologies on 

POM emissions Is also presented. Little quantitative data were located* but 

some qualitative assessments can be made. In addition* a simplified discus

sion of air emission regulations applicable to these combustion sources Is 

provided. Table 5-4 summarizes the controls and regulations for the various 

combustion categories being considered. A detailed analysis of the current 

use of'emission controls on combustion sources and applicable regulatory 

requirements Is beyond the scope of this study. 
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TABLE 5-4. SIMIARY OF EMISSION OONIROLS AND REGULATIONS FOR COWUSTION SOURCES^ 

Source Type 
Typical Controls 

Used>> 
Applicable 
Regulations 

Controls Likely to 
be Used 

Applicable 
Regulations 

umuu 
Coal ESPsi' wet scrubbersi 

or fabric filters 
SIPs! 1971 
NSPS® 

Fabric filters or 
bigb efficiency ESPs 

1979 NSPS' 

i02* Uncontrolled! 
cocqtl lance coali or FGD 
systems 

SIPs! 1971 NSPS* FGD systems 1979 NSPS' 

Oil Oil Uncontrolled or ESPs SlPs! 1971 MSPS* Low asb oil or ESP 1979 NSPS' 

£221 Uncontrolled 
or oooplianra oil 

SIPsi 1971 NSPS* Low sulfur oil 1979 MSPS' 

Gas PH.-SO;i Uncontrolled 9 Uncontrolled 9 

Induatrlil 
Coal £(|i ESPsi^ mechanical 

collectors! or fabric 
filters 

SlPs! 19h NSPS h 
for large boilers 

ESPs or fabric filters, 
possibly side stream 
separators' 

SIPs! Pending NSPS< 

jQji Uncontrolled! 
compliance coal! or FGD 
(few systems) 

SIPs! 1971 NSPS 
for large boilers'* 

Compliance coal! some 
FGD systems 

SIPs 

on EHi Uncontrolled SIPs Uncontrolled! low asb oil SIPS! Pending NSPS< 

£Q2I Uncontrolled or 
compliance oil 

SIPs Compliance oil SIPs! Pending NSPS' 

Gas PH. SOji Uncontrolled 9 Uncontrolled 

Wood CHi ESPs! wet scrubbers! 
or mechanlMl collectors 

SIPs ESPs or wet scrubbers SIPs! pending NSPS' 

jSQ2< Uncontrolled 9 Uncontrolled 9 

iXt 

CJ1 

(Continued) 



TABLE 5-4. SUWURV OF EMISSION CONTROLS AND REGULATIONS FOR COMBUSTION SOURCES* (Continued) 

Source Type 
Typical Controls 

Usedl> 
Applicable 
Regulations 

Controls Likely to 
be Used 

^pllcable 
R^ulatlons 

CamiiBrcUl/lnatltutloinT 

(htal £H< Mechanical collectors SIPsJ Mechanical collectors or 
side stream separators 

SIPsiJ Pending NSPS''J 

2021 Uncontrolled SIPsJ Uncontrolled or compliance 
coal 

SIPsi 

on fll«_Sg2' Uncontrolled SIPsJ Uncontrolled or compliance oil SIPsJ 

Gas flli^2i uncontrolled 9 Uncontrolled 9 

Residential 

Coal. on. 
Gas. and 
Mood 

Uncontrolled Noflo Uncontrolled Hone 

Oi 
I 

a\ 
*0n1y SOj and particulate emissions covered, since potentially applicable control technologies for these pollutants (FGO sys
tems. ESPs. fabric niters) will have the most potential for indirect control of POM. However, as discussed In text, combus
tion modifications for NO^ may have some Impact on POM emissions since they Impact combustion conditions. This Impact Is 
expected to be small In relation to effect of SOj and PH controls, however. 

''Intended only to cover types of control used on majority of existing sources based on a qualitative assessment. 
9FMi particulate matter. 
''Range of efficiencies low (-60S) to high (9SS or greater). 
*1971 NSPS (40 (7R60 Subpart D) requires the following for utility boilers and Industrial boilers with a heat Input capacity of 
73 IMf; (250 million Btu/hr) or greater constructed after August 17. I971i 

PH I 43 ng/J (O.I Ib/mllllon Btu) emission llmlti 20S opacity 
S02i 520 ng/J (1.2 Ib/mllllon Btu) emission limit for coal 

340 ng/J (O.B Ib/mllllon Btu) amission limit for oil 
'1979 NSPS (applies only to utility boilers) requires the following for units constructed after September 18. 19781 

PH I 13 ng/J (0.03 Ib/mllllon Btu) emission llmlti 208 opacity for all fuels 

SOJi 520 ng/J (1.2 Ib/mllllon Btu) and 70 to 90 percent SO2 removal for coal 
-340 ng/J (0.8 Ib/mllllon Btu) for oil and 90 percent SO2 removal down to 86 ng/J (0.2 Ib/io' Btu) 

BEmlsslons of FH and SO2 from gas-fired boilers and SO2 emissions from wood-fired boilers are saiall and are not generally regu
lated. 

l>Large boilers are those with a heat Input capacity of 73 HMt (250 million Btu/hr) or greater. 
'EPA IS developing an NSPS for Industrial and commercial/Institutional boilers with heat Inputs of 14.7 MMt (50 million Btu/hr) 
or greater. The NSPS Is tentatively scheduled to be proposed within a year. Host recent favored alternative Is based on 
fabric filter or ESPs down to 29 Hf. but side stream separators have also been considered (for coal-flred boilers). 

JMay not apply to (71 units below a certain size cutoff. 
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Unfortunately» without detailed Information on the application of emis

sion control technologies and quantitative data describing Indirect effect of 

partlculatSf S02» or NOx controls on POM emissions* the accuracy of national 

emission estimates developed In Section 5.3.3 Is questionable. However* an 

effort has been made to use published emission factors that were judged to be 

fairly representative of the current population of combustion sources* Includ

ing the type of emission controls used. The estimated accuracy of the 

national onlsslon estimates Is discussed further In Section 5.3.3. 

Utmtv Combustion 

Utility coal-fired boilers constructed In the last 10 to 12 years are 

required to use control measures to limit SO2* particulate matter* and NOx 

emissions. Older coal-fired utilities are generally equipped only with parti

culate control devices. POM emissions are likely to be affected to some 

degree by particulate* S02* and NOx control'systems. 

Some POM compounds condense onto particulate matter at normal flue gas 

temperatures encountered In utility boilers. As discussed above* the com

pounds tend to condense on smaller (fine) particles. Therefore* par

ticulate emission control devices that are efficient collectors of fine par

ticles will provide a significant degree of control of the POM associated with 

particulate matter. Fabric filters and ESPs are high efficiency particulate 

control techniques applied to the current population of utility boilers. 

(Fabric filters are used only on relatively new utility boilers.) The fine 

particle collection efficiencies of ESPs currently In use will often depend on 

the age of the boiler. Older boilers are generally subject to less stringent 

air emission regulations* and ESPs applied to these units are likely to exhi

bit lower fine particle collection efficiencies. 

Wet scrubbers and multicylcones are also used on some existing utility 

boilers for particulate control. Low-energy wet scrubbers (low pressure drop) 

have lower fine particulate collection efficiencies than high-energy venturi-

type scrubbers. However* It should be noted that wet scrubbers may be more 
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effective In reducing POM emissions than "dry" control systems because those 

POM compounds existing, as vapors would be condensed and collected as the gas 

'Is saturated In the scrubber. 

Multicyclones* which may st111 be In use as the sole particulate control 

device on a few old utility boilers# are not efficient collectors of fine 

particles# and are therefore not expected to significantly reduce POM.emis

sions. 

The most common SO2 control technology currently used on utility coal-

fired boilers is 11me/limestone flue gas desulfurlzatlon (FGO). This techni

que employs a wet scrubber# which Is often preceeded by an ESP. The ESP 

collects the particulate before the flue gas enters the FGD system. Wet 

FGD/ESP'systems# while providing for control of POM condensed on particulate 

at the entrance to the ESP# are not likely to achieve significant control of 

vapor phase POM (22). Condensation of vapor phase POM compounds will occur In 

the wet scrubber# but significant collection of particles remaining In the gas 

flow through the scrubber Is not likely to occur. Systems equipped with mist 

eliminators may exhibit a slight reduction In particulate before the stack. 

There were 94 operating utility wet FGD systems as of January 1982 (about 13X 

of installed coal-fired capacity) (23). 

A more recently applied utility SO2 control technique Is spray drying. 

In this process# the gas Is cooled in the spray dryer but remains above the 

saturation temperature. A fabric filter or an ESP Is located down

stream of the spray dryer. Thus# this system would provide for significant 

control of both particulate and vapor phase POM because the vapor phase com

pounds are condensed before they reach the high efficiency particulate control 

device. One source (22) estimated that over 90 percent of the benzo(a).pyrene 

emitted from a representative utility boiler would be controlled by a spray 

dryer FGD system. As of early 1983# there were five utility spray drying 

systems# all applied to new units In the Initial phases of commercial opera
tion (24). 
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Nitrogen oxide control techniques applied to newer coal-fired boilers 

Include Tow-excess air firing and stagedi combustion. The principle of these 

control techniques Is to limit the oxygen available for NOx formation In the 

combustion zone. However* as discussed In Section 5.3.1.1* Tower air to fuel 

ratios may lead to Increased POM formation (other conditions remaining con

stant). Data regarding the effects of "low-NOx" operating conditions on POM 

formation is conflicting and very limited (25). . 

The POM emission factors that have been reported for utility boilers 

have either been based on data from uncontrolled boilers or on measurements 

made downstream of an emission control device. No emission data were located 

that Included simultaneous POM measurement both before and after the control 

device. Thus* It Is difficult to quantify the impact of the technology on POM 

emissions. 

Air emission regulations applicable to existing coal-fired utility 

boilers Include SIP emission limits and the 1971 and 1979 NSPS (Subparts D 

and Da* respectively* of 40 CFR 60). The 1971 NSPS applies to boilers con

structed after August 1971. That standard specifies a 520 ng/J (1.2 Ib/mll-

Hon Btu) SO2 emission limit and a 43 ng/J (0.1 Ib/mllllon Btu) particulate 

matter emission limit. The 1979 NSPS* which applies only to units constructed 

after September 1979* Is more stringent* requiring 70 to 90 percent SO2 

removal and a specifying a 13 ng/J (0.03 lb/million Btu) particulate emission 

limit (26). Under this NSPS* new coal-fired utility boilers will generally be 

required to be equipped with fabric filters or high efficiency ESPs and FGD 

systems. The 1979 NSPS also requires the use of NO^ control techniques. 

Existing oil-fired utility boilers are generally either uncontrolled or 

are equipped with ESPs for particulate emission control. The same consider

ations discussed above for ESPs applied to coal-fired utility boilers apply to 

oil-fired units. SO2 control for existing oil-fired boilers is most often 

achieved by the use of lower sulfur oils. 
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A1r emtsslon regulations applicable to oil-fired utilities Include the 

1971 and 1979 NSPS and SIP requirements. 

Gas-fired utility boilers are not equipped with emission controls since 

S02» particulate# and NOx emissions from these units are relatively low. 

Industrial Combustion Sources 

Emission control techniques for Industrial coal-fired boilers are similar 

to those described for utility coal-fired units. However# application of SO2 

and particulate control technologies to the current population of Industrial 

boilers differs substantially with the application of these controls to util

ity boilers. There are very few 1ndustr1>al boilers equipped with FGD systems 

for SO2 control. Fewer than IS 11me/limestone or double alkali systems are 

operating on Industrial coal-fired boilers. There are about 12 sodium-based 

FGD systems operating on coal-fired boilers# primarily at paper mills and 

textile plants (27). Five spray drying FGD systems have begun operation In 

the last few years (20). However# most existing coal-fired Industrial boilers 

meet applicable SO2 regulations by burning low or medium sulfur coal. 

The use of particulate control on Industrial boilers Is more common. 

Existing Industrial coal-fired units are subject to SIP particulate matter 

emission limits. For a 44 MW^ boiler# these limits vary from 22 ng/J (0.05 

Ib/mllHon Btu) In California to 344 ng/J (0.8 Tb/mllllon Btu) In Iowa (24). 

Most SIPs fall In the 86 to 172 ng/J (0.2 to 0.4 Ib/mllHon Btu) range# which 

generally requires the use of a low-efficiency ESP or a multlcyclone collec

tor. SIP emission limits for larger Industrial boilers (>73MWt) are more 

stringent# often specifying a 43 to 86 ng/J (0.1 to 0.2 lb/million Btu) emis

sion limit. Medium- and high-efficiency ESPs are required to comply with such 

regulations. Finally# unless the SIP Is more stringent# large Industrial coal-

fired boilers (>,73 MW^) constructed after August 1971 are subject to an 

existing NSPS which specifies a 43 ng/J (0.1 Ib/mllllon Btu) particulate 

matter emission limit. Fabric filters or ESPs are commonly used to meet 

this standard. 
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As of December 1979# 104 Industrial boilers were ustng or planning to use 

fabric filters (30). No comparable data were located on the number of ESPs* 

wet scrubbers* or multtcyclones applied to Industrial units* although the use 

of ESPs on existing boilers Is considered to be substantially more widespread 

than the use of fabric filters (29). Wet scrubbers are not generally used for 

particulate control on coal-fired boilers because they result In a liquid 

waste stream that must be disposed of properly (29). 

A relatively new particulate control technology* applicable to stoker-

fired Industrial boilers* Is the side stream separator. This device Is a 

mulitlcyclone modified to treat part of the gas In a small fabric filter. The 

fabric filter enhances the overall collection efficiency of the multlcyclone 

by removing a portion of the fine particulate (31). To date* side stream 

separators have been retrofitted to only a few existing stoker-fired boilers 

(31). 

An NSPS currently being developed by EPA may require that fabric filters 

or ESPs be applied to all new coal-fired Industrial boilers above about 29 MW 

(100 X 10^ Btu/hr). At a minimum* the NSPS will require use of side stream 

separators. The NSPS Is also likely to require low excess air or staged 

combustion for control of NOy emissions. At this time* the standard being 

developed contains no provision for SO2 control. The NSPS may be proposed as 

early as the summer of 1983. 

Particulate emissions from oil-fired Industrial boilers are generally not 

controlled under current regulations. However* oil sulfur content restric

tions do apply to some existing units. New oil-fired boilers will be subject 

to the NSPS being developed by EPA* which may require some degree of particu

late emission control. 

Mult1cyclones followed by venturl or Impingment-type wet scrubbers are 

the'most common type of particulate matter control devices applied to wood-

fired boilers (32). The same considerations discussed above for wet scrubbers 

used on coal-fired boilers apply to the use of the technology on wood-fired 
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boilers. However* the use of wet scrubbers Is more common for wood-fiired 

units than for coal because wood-fired units are often located at paper mills 

or other facilities with existing equipment that can be used to dispose of the 

liquid waste stream from the scrubber. ESPs are also used to some extent on 

wood-fired boilers. The use of fabric filters* however* Is restricted to 

those boilers firing a salt-laden type of wood because of potential fabric 

filter fire hazards associated with combustion of other -types of wood (32). 

Wood-fired boilers are currently subject only to SIP emission limits. 

Forty-three states have SIP limits for particulate emissions from wood-fired 

boilers (40). These emission limits are about the same as those In SIPs 

applicable to coal-fired units. 

Commercial/Institutional Combustion 

Commercial and Institutional boilers are generally uncontrolled or equip

ped only with mult1cyclones (mechanical collectors) for particulate matter 

control. As previously discussed* multIcycTones are not efficient collectors 

of the fine particles with which POM compounds are generally associated. 

Commercial and Institutional units may be subject to SIP particulate 

emission limits in states that do not specifically define their regulations as 

applicable only to industrial boilers. Most SIP particulate emission limits 

are a function of boiler size and regulations are significantly less stringent 

for small sources. Mew commercial/Institutional boilers with greater than 

14.7 MWt (50 million Btu/hr) heat Input capacity will be subject to the NSPS 

currently being developed for Industrial boilers (33). 

Resl^gntlal Cqmbqstlqn 

Residential combustion sources are not equipped with add-on particulate 

matter control devices. Combustion modifications designed to Improve the 

efficiency of coal- and wood-fired residential stoves have not beeni exten

sively applied to commercially available stoves (25). Most of the combustion 
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modifications applicable to residential stoves are In the form of stove design 

changes and Include modified combustion air flow control* better thermal 

control and heat storage* and the use of catalytic combustors. 

The sulfur content of the coal burned In residential units Is regulated 

In some areas* but In general residential combustion units are not subject to 

Federal or state air emission regulations. 

5.3.1.3 Source Locations 

UTIHty C<?inbH^t1<?n 

Table 5-5 shows the existing utility capacity by fuel type for each of 

the 50 states. Existing capacity for specific fuels Is expressed In MW elec

trical output and as a percentage of the total existing capacity for that 

fuel. 

These data Indicate several well-established trends: 

o Coal-fired units are concentrated In the states of Ohio* 
Indiana* Pennsylvania* and Illinois. Other states with 
substantial coal-fired capacity are Alabama* Georgia* 
Kentucky* Michigan* Missouri* North Carolina* Tennessee* 
Texas (lignite)* and West Virginia. 

o Residual oil-fired units are found primarily In Califor
nia* Florida* and New York. It should be noted that In 
contrast to the Installed capacity data In Table 5-4* 1980 
fuel consumption data for utilities show that In several 
states* little or no residual oil was burned by utilities 
(15). States which reported no oil consumption by utili
ties Included Alabama* Indiana* Kentucky* Montana* North 
Dakota* Oklahoma* Vermont* West Virginia* and Wyomlog. 
The decrease In residual oil use Is likely the result of 
units with dual-fuel capabilities being, fired with coal or 
natural gas as a result of the sharply Increasing residual 
oil prices In recent years. 

o Natural gas-fired units are highly concentrated In Texas 
(over half the Installed capacity) and Louisiana. 
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TABLE 5-5. 1980 INSTALLED UTILITY CAPACITY BY STATE AND FUEL TYPE^ (34) 

Coal Residual Oil Natural Gas 
% U.S. Coal % U.S. Oil . X U.S. Natural 

State MW Capacity*^ MM Capacity MW Gas Capacity ° 

AT abama 10585 3.9 148 0.10 480 0.64 
AT aska 54 0.02 478 0.32 491 0.65 
Arizona 4735 1.7 3247 2.2 372 0.49 
Arkansas 2112 0.78 1259 0.84 1662 2.2 
CalIfornia 0 0 24968 16.6 510 0.68 
Colorado 4512 1.7 813 0.54 287 0.38 
Connecticut 0 0 3805 2.5 0 0 
Del aware 743 0.27 1296 0.86 0 0 
Florida 4857 1.8 21705 14.5 301 0.39 
Georgia 11479 4.2 2157 1.4 5 0.01 
Hawaii 0 0 1553 1.0 0 0 
Idaho 0 0 8 0.01 50 0.07 
Illinois 17314 6.4 6000 4.0 219 0.29 
Indiana 16164 6.0 1321 0.88 93 0.13 
Iowa 5614 2.1 1526 1.0 141 0.19 
Kansas 4088 1.5 647 0.43 3612 4.8 
Kentucky 14434 5.3 194 0.13 139 0.18 
Louisiana 1118 0.41 1471 0.98 11133 14.8 
Maine 0 0 1149 0.77 0 0 
Maryland 3034 1.1 4309 2.9 144 0.19 
Massachusetts 0 0 7389 4.9 9 0.01 
Michigan 11329 4.2 4969 3.3 895 1.2 
Minnesota 5076 1.9 1540 1.0 162 0.22 
Mississippi 2428 0.89 902 0.60 2788 3.7 
Missouri 12088 4.5 1794 1.2 1159 1.5 
Montana 939 0.35 134 0.09 30 0.04 
Nebraska 3055 1.1 751 0.50 509 0.68 
Nevada 2248 0.83 182 0.12 1160 1.5 
New Hampshire 459 0.17 709 0.47 0 0 

(Continued) 



TABLE 5-5. 1980 INSTALLED UTILITY CAPACITY BY STATE AND FUEL TYPE® (34) (Continued) 

Coal Residual Bil Natural Gas 
X U.S. Coal X U.S. Oil X U.S. Natural 

State MW Capaci ty** MW Capaci ty'^ MW Gas Capacity I' 

New Jersey 1665 0.61 8725 5.8 80 0.11 
New Mexico 3473 1.3 420 0.28 1071 1.4 
New York 2977 1.1 19684 13.2 99 0.13 
North Carolina 11621 4.4 980 0.65 0 0 
North Dakota 3233 1.2 256 0.17 10 0.01 
Ohio 24031 8.8 2637 1.8 208 d.28 
Ok)ahoma 4049 1.5 882 0.59 6184 8.2 
Oregon 561 0.21 756 0.50 87 0.12 
Pennsylvania 19291 7.1 7447 5.0 61 0.08 
Rhode island 0 0 282 0.19 0 0 
South Carolina 4126 1.5 2397 1.6 11 0.01 
South Dakota 497 0.18 321 0.21 0 0 
Tennessee 10021 3.7 0 0 2036 2.7 
Texas 13310^ 4.9 3266 2.2 38494 51.1 
Utah 2315 0.85 45 0.03 31 0.04 
Vermont 30 0.01 155 0.10 0 0 
Virginia 3488 1.3 3524 2.4 0 0 
Washington 1330 0.49 246- 0.16 417 0.55 
West Virginia 14779 5.4 19 0.01 0 0 
Wisconsin 7233 2.7 1707 1.1 174 0.23 
Wyoming 5028 1.9 15 • 0.01 0 0 

U.S. Total 271,723 MW 150,188 MW 75,314 MW 

o-
I 
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^May Include large Industrial power plants that generate electricity. 

''X of installed utility capacity for that fuel. 
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Table 5-6 shows existing capacity data for coal-# oil-# and gas-fired utili-

tlies aggregated by EPA region.. 

Industrial Boilers 

Industrial boilers are located throughout the United States. Boiler 

locations tend to follow Industry and population location trends. Table 5-7 

shows regional Industrial energy use for six majior industrial sectors. Al

though these data represent total Industrial energy consumption (I.e.* elec

tricity* raw materials* boilers* and process heat sources* they are Indicative 

of Industrial boiler geographical concentrations. Most of the coal-fired 

Industrial boilers are In the Great Lakes* Great Plains* Appalachian* and 

Southeast regions. Oil-fired boilers are common In the New England* South

east* andi Upper Atlantic regions* while the highest concentration of natural-

gas-fired' units Is found In the Gulf Coast and Pacific Southwest regions (35). 

Wood-fired boilers tend to be located almost exclusively at pulp and 

paper* lumber products and furniture industry facilities. These industries 

are concentrated In the Southeast* Gulf Coast* Appalachian* and Pacific 

Northwest regions (35). 

Commercial/Institutional Boilers 

These sources are also spread throughout the United States and their 

concentrations are tied directly to population centers. Fuel use patterns for 

commercial/Institutional boilers are likely to parallel those described above 

for Industrial boilers* since fuel choice decisions In both categories are 

made on the basis of fuel availability and prices (Including transportation). 

Residential Combustion 

Locations of residential combustion sources will also be directly tied 

to population trends* with one exception: wood-fired stoves and fireplaces. 

Wood-fired residential combustion sources are concentrated In heavily forested 

5-26 



TABLE 5-6.. 1980 EXISTING UTILITY CAPACITY BY EPA 'REGION AND FUEL TYPE 

EPA Region Coal-Pi red 
Existing CapflgttY (MW? 

Oni-Pired Gas-Pi red 

1 489 13,489 9 

2 4f642 28,409 179 

3 41,335 16,595 205 

4 69,751 28,483 5,760 

5 81,147 18,174 1,751 

6 24,062 7,298 58,544 

7 24,845 4,718 5,421 

6 16,524 1,584 358 

9 6,983 29,950 2,042 

10 1.945 Ii488 .Ii045 
Total 271,723 150,188 75,314 

Aggregated from data In Table 5-5. 
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miE S-7. 1977 REGIONAL SHARES OF INDUSTRIAL ENERGY USE (35) 

Region 
t 

Nation 
X 

Region 
X 

Nation 
X 

Region 
X 

Nation 
X 

Region 
X . 

Nation 
X 

Region 
X 

'Nation 
X 

Region Nation 
X X 

New England a <1 6 <1 1 <1 34 7 7 3 5 3 

Upper Atlantic 21 6 30 9 12 6 6 4 10 12 6 10 
Great Lakes 10 10 49 57 10 19 4 10 a 33 3 20 
Appalachia 30 11 29 12 3 2 17 15 6 10 3 6 

Southeast IS 4 2 <1 <1 <1 45 25 6 6 5 7 

Gulr Coast 52 59 5 6 27 52 6 16 3 14 2 11 

Great Plains 16 3 9 2 6 2 16 7 12 9 17 17 

Rocky Mountain 3 <1 51 4 26 3 <1 <1 9 3 7 3 
Pacific Southwest 12 3 15 4 35 13 6 3 10 9 9 9 

Pacific Northwest 7 <1 27 4 9 2 37 12 3 2 6 5 

ui 
I 
ro 
00 



RADBAN 

areas of the U.S. This pattern again reflects fuel selection based on avail
ability and price (36). 

Table 5-8 shows the percent of total U.S. wood consumption In fireplaces 
and stoves by state and by EPA region. 

5.3.2 Epilpslpn FflrtPrs 

Table 5-9 presents total POM emission factors for the various combustion 

source categories being considered In this study. Appendix A contains more 

detail on the bases of the emission factors shown In the table. 

As noted earlier* there are several cautions that apply to the use of 

these emission factors as representative of POM emissions from specific 

boilers. The emission factors used here are Intended to represent only the 

best available estimates of POM emission factors for the particular combustion 

•source population as a whole and generally will not apply to specific units 

with a high degree of accuracy. The most Important cautions regarding the 

emission factors presented In this section are summarized below. 

Much of the data used in developing the reported emission factors was 

collected In the late 60*s and early 70*s using modified Method 5 sampling 

techniques. As discussed In Section 3* a reportedly significant amount of POM 

is present In the vapor phase at temperatures typical of utility and Indus

trial boiler stacks. These POM compounds are unlikely to have been fully 

captured with the Method 5 sampling train unless relatively advanced modifica

tions were Incorporated. Thus* the POM emission factor data may represent 

primarily only the POM associated with particulate matter at the sampling 
point. Therefore* the use of these emission factors* with all other assump

tions being accurate* could> result In an underestimate of nationwide POM 

emissions from combustion sources. No useful quantitative data were found In 

published literature to allow estimation of how much vapor-phase POM typically 

escapes. 
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TABLE 5-8. 1981 WOOD CONSUMPTION IN FIREPLACES AND STOVES BY STATE AND 
EPA REGION (37) 

EPA Region State Wood Consumption (X of U.S. Total)^ 

Region I Connecticut 1.6 
Maine 1.6 
Massachusetts 2.3 
New Hampshire 0.89 
Rhode Island 0.29 
Vermont 0.82 
Regional Total 7.4 

Region 2 New Jersey 2.3 
New York 5.8 
Regional Total 7.9 

Region 3 Del aware 0.35 Region 3 
Maryland 2.3 
Pennsylvania 6.3 
Virginia 4.8 
West Virginia 2.0 
District of Columbia 0.03 
Regional Total 15.7 

Region 4 A1 abama 1.5 Region 4 
Florida 1.7 
Georgia 2.1 
Kentucky 3.1 
Ml sslsslippi 1.3 
North Carolina 5.9 
South Carolina 1.3 
Tennessee 4.3 
Regional Total 21.0 

Region 5 Illinois 3r.8 
Indiana 3.4 
Michigan 4.5 
Mlnnesota 3.0 
Ohio 5.3 
Wisconsin 3.1 
Regional Total 23.1 

(Conttnued) 
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TABLE 5-8. 1981 WOOD CONSUMPTION IN FIREPLACES AND STOVES BY STATE AND 
EPA REGION (37) (Continued) 

Region 7 

Region 8 

Region 9 

Region 10 

EPA Region State Wood Consumption (X of U.S. Total)^ 

Region 6 Arkansas 1.2 
Loul sliana 0.79 
New Mexico 0.98 
Oklahoma 1.8 
Texas .1.2 
Regional Total 6.0 

Iowa 0.36 
Kansas 0.32 
Mlssourl 3.7 
Nebraska Oil? 
Regional Total 4.6 

Colorado 1.2 
Montana 0.83 
North Dakota 0.07 
South Dakota 0.12 
Utah 0.49 
Wyoming 0.31 
Regional Total 3.0 

Arizona 0.57 
California 5.1 
Hawaii <0.01 
Nevada ' 0.20 
Regional Total 6.0 

A1aska 0.39 
Idaho 0.83 
Oregon 2.0 
Washington .2.3 
Regional Total 5.4 

of total U.S. wood consumption In fireplaces and stoves. 
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TMLE 5-9. TOTM. POM EMISSION FACTORS FOR COeuSHON SOURCE CATEGORIES* 

Source Category 
Reported 

Eialsslon Factor* 

Converted to Heat 
Input Baala' 

pg/J (Tb/Btu X 10^2) 

Batanion Control 
Level 

Repreaented* 

Einl anion 
Factor 
Baald* 

Utility CfliBftusttgn 
Coal 
01.1 
Gaa 

iloa InduatrHl Cointius 
Coal 
oil 
Gaa 
Mood 

Cengnercl a1 /Inati tutl onal 
CflBhuatlpn 

Coal 
OIlJ 
GaaJ 

Hnaldential Comhustlon 
Coal 
on 
Gaa 
Wood Stovea 
Wood' Fireplacea 

2 X io-^®1J/IO® Btu 

41 ug/kg 
21 ug/t 
II ug/m3 

2059 ug/kg 

ONLO 
21 ug/t, 
11 VQ/I? 

67 eg/kg 
120 ug/t 
65 ug/ej 

0.27 g/kgk 
0.029 g/kg 

0.71 (1.65). 
0.86 (2.00)< 

1.53 (3.57) 
0.50 (1.17) 
0.30 (0.69) 

105 (242) 

0.50 (1.17) 
OJO (0.69) 

2500 (5626) 
2.86 (6.67) 
1.74 (4.06) 

13»472 (31.435) 
1447 (3375) 

"Controlled" (ESP) 

Hulti cyclone 
None 

None 
None 
None 

None 

2 
2 
2 
2 
3 

4More detail on each of theae emisalon factorn can be found In Appendix A. A1.1 aniaalon factora are from 
Reference 1. Table III-l ("Intermediate" factors were uaed) exenBt for enlaalona for oil-fired utilities 
(Ref 38). wood-fired Industrial boilers (Ref 39).. and wood-f1red> residential units (Ref 36). 

*Un1ts reported In reference cited (Mass of POM emitted per unit of fuel burned). 
^See Appendix A for sample calculation. Fuel heating values assumed for conversions: Coal • 11.500 Btu/lb| 
Oil - 150.000 Btu/gal; Gaa - 35.300 Btu/m 1 and Wood - 8600 Btu/lb. 

*Aa reported In reference cited for emisalon factor. 
*1 • weighted average reflecting boiler population. 
2 • arithmetic or geometric average of boiler ^pea. 
3 •• one facility. 

'ONL - Data not located. The emisalon factor for gas-fired utilities Is expected to be lower than for coal 
or oil because of the high efficiency combustion achieved in gas-fired utility boilers. Notice that the 
emisalon factor for Industrial boiler gas combustion Is significantly lower than for industrial oil-fired 
boilers. 

SThe emission factor for commercial/Institutional coal combustion la expected to be higher than for 
utilities due to the larger fuel feed size and leas efficient coobustlon associated with conmercfal units. 

kThe emission factor represents an average of data for 7 wood-f.lred Industrial boilers. 3 with mechanical 
collectors and 4 uncontrolled. On controlled units, emissions were measured downstream of the collection 
device. 

iThe fact that the estimated emission factor for oil Is higher than for coal may reflect the fact that ESPs 
applied to coal-fired units achieve a certain degree of fine particle (and thus PCM) control. The reported 
amission factor for the oil-fired utlll^ boiler reflects a "no control" situation. 

JThe emission factors reported for industrial oil- and gas-fired boilers were used for commerclal/lnstu-
tlonal oil- and gas-fired boilers, since the Industrial boilers tested were relatively small and represen
tative of commercial/Institutional units. 
''Range of PON emission factors reported In literature was 0.05' to .37 g/kg of wood burned. The emission 
factor selected represents an average of six well-documented testa on representative stoves. 
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The methods used lin past source tests to sample for and analyze POM 

compounds from combustion sources have varied considerably with respect to 
sample collection* preservation* and preparation* and with respect to compo

nent analysis techniques. Thus* It Is difficult to develop valid comparisons 

between emission factor data for various source categories. One must rely to 
* 

a large degree on the theoretical principles that describe POM formation in 

combustion sources In assessing the relative potential for various categories 

to be significant sources of POM emissions. 

Boiler design and operating parameters (including firing method* combus

tion zone temperatures* fuel/air mixing parameters* fuel/air ratio* and fuel 

properties) Influence POM formation and emissions. Other factors being con

stant* boilers that are designed and operated In a manner that maximizes 

combustion efficiency may have lower POM emission factors than inefficiently 

operated units. However* quantitative data on boiler design and operating 

practices for specific boiler categories and the relative effect of these 

practices on POM emissions are lacking. The best emission factors for the 

purposes of this study were considered to be those which reflected a "weighted 

average" of emission factors for the boiler population. These factors were 

available only for coal-fired utility and industrial boilers. Other published 

emission factors represented arithmetic or geometric averages of emission 

factors for various boiler types within a category. And* In some Instances* 

available emission factors were based only on data from one facility. 

Details on the type of emission control equipment used on the sources 

tested and on the design and operating parameters of the control equipment 

were not typically included with the "controlled" emission factor data 

reported in the literature. Clearly* these parameters would be useful In 

determining how representative jthe sources tested are with respect to the 

current boiler population. Furthermore* quantitative data on the effect of 

particulate matter* S02* and NOy control devices on POM emissions were not 

located In the literature reviewed. Therefore* It was not feasible to use 
uncontrolled POM emission factors combined with estimated POM removal effi

ciencies of the control devices currently In use to develop total emissions. 
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Despite these caveats# the national emission estimates presented In the 

next section should be useful for preliminary evaluations of POM source cate

gories. They will be most useful In pinpointing combustion source categories 

with the greatest potential for POM emissions. They are also appropriate for 

providing an idea of the amount of POM that could be controlled by regulating 

various categories. 

5.3.3 National Emission Estimates 

Table 5-10 shows 1980 national estimated POM emissions from the various 

combustion source categories considered In this study. The emission factors 

and fuel consumption data used to calculate the national emissions are also 

shown. 

Estimated total POM emissions from wood-fired stoves account for 90 

percent of annual POM: emissions from all combustion sources. The emission 

factor for wood stoves is four to five orders of magnitude higher than those 

for virtually all other combustion sources except coal-fired stoves and wood 

fireplaces. The higher POM emission factor Is attributable to highly Ineffi

cient combustion In wood stoves. 

The next most significant combustion source categories of POM are resi

dential coal stoves and wood-burning fireplaces# which together account for 

8.6 percent of the toal estimated POM from combustion sources. Thus# resi

dential sources are estimated to account for 99 percent of POM emissions from 

fuel combustion. 

In terms of absolute magnitude of emissions# the other significant com

bustion source category Is wood-fired Industrial boilers. However# emissions 

from this category may be over-estimated somewhat because they are based on a 

POM emission factor that represents only the application of mechanical collec

tor particulate emission controls. Many of the larger wood-fired boilers are 

equipped with ESP or wet scrubbers which could provide significantly more POM 

control than mechanical collectors. These same cautions about overstating 
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TABLE 5-10. 1980 NATIONAL TOTAL POM EMISSIONS ESTIMATES FOR COMBUSTION SOURCES 

Source Cttagory 

Estlutad 1980 
U.S. Fuel Conaunptlon 
lOlSj (iol2 Btu)' 

EalMlon Factor 
pg/I (18/10^2 Btu) 

National 
Eelsalone 

Mg/yr (tpy> 

X of Total 
froo Conbuatton 

Sources 

Utnitv Canbuatlon 
Coal 
on 
Gas 

IntiuatrUI Cflnmuatlon 
Coal 
on 
Gas 
Hood 

Connerel at/I n sti tuti onal 

12,855 (12,150) 
2592 (2450) 
4031 (3810) 

1009 (954)* 
959 (906)« 
3555 (3360>» 
579 (547)' 

0.71 (1.05) 
0.86 (2.00) 
0.52 (1.2) est.b 

1.53 (3.57) 
0.50 (1.17) 
0.30 (0.69) 
103 (237) 

9.1 (10.0) 
2.2 (2.4) 
2.1 (2.3) 

1.5 (1.7) 
0.48 (0.53) 
1.1 (1.2) 

59.6 (65.6) 

0.12 
0.03 

JUfl3-
(0.18) 

0.02 
0.01 
0.01 
0.7B 

(0.80) 

(94.7)9 Coal 100 (94.7)9 1.7 (4.0) sst.c 0.17 (0.19) neg 
Oil 599 (566) 0.50 (1.17) 0.30 (0.33) neg 
Gas 2825 (2670)" 0.30 (0.69) 0.84 (0.92) jug 

neg 

Coal 68.8 (65.0) 2500 (5826) 172 (189) 2.2 
Oil 1310 (1241) 2.86 (6.67) 3.8 (4.2) 0.05 
Gas 5152 (4870) 1.74 (4.06) ^ 14.7 (16.2) 0.19 
Hood Staves 520 (492)h 13.500 (31.400)<' 7022 (7733) 90.1 
Hood Fireplaces 346 (328)l> 1450 (3370)*" 502 (553) fl.4 Hood Fireplaces 

(99.0) 

TOTAL 7792 (8581) 100.0 

*Reference 15, pp. 5-9, aMcepit as noted. More data en fuel conaunptlon estimates can be found In Appendix 

^Estimated based on the difference beteeon reported amission factors for oil- and gas-fired industrial 
boilers. 

^Esimated to 'be slightly higher than emission factor for eeal-flred Industrial boilers. 
^Rounded to 3 significant figures fron Table 5-9. 
*Tetal industrial fuel consumption values fron Reference 15 adjusted to reflect only amount used in boilers. 
(See Reference 17 note.) Adjustment factors (X total conaunptlon used in boilers)! Coal - 30X; Oil - 67X| 
and Gas - 40X. 

'Reference 40. Total estimated heat Input capacity for wood-fired boilers multiplied by SOX load factor to 
determine annual Btu consumption. 

9A11 reported eonanerclal/institutional combustion assumed to be in boilers. 
'^Reference 37. 
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emissions also apply to those estimates presented In Table 5-10 for Industrial 

coal-flired boilers. However* as discussed previously* the published POM 

emission factor data used may not reflect that portion of POM emitted as vapor 

at typical stack temperatures* thus underestimating actual POM emissions 
from a slnglie boiler. 

The estimates In Table 5-10 Indicate that utility boilers account for 

only about 0.2 percent of total POM emissions from the combustion source cate

gories examined. There Is* however* substantial, uncertainty related to (1) 

the POM emission factor data* (2) the (Indirect)' effect of particulate and SO2 

controls on POM emissions* and (3) the fuel consumption data used In develop

ing the national estimates. Thus* It Is appropriate to conduct a sensitivity 

analysis using the extremes of reported data and making sane "worst-case" 

assumptions. For example* one recently debated topic Is the potential Impact 

on POM emissions of existing oil- and gas-fired utilities converting to coal. 

These concerns are related to the fact that combustion of coal results In 

higher POM emissions per unit heat Input than combustion of oil or gas In 

similar units. 

In the "worst case"* assume that all 1980 fuel consumption by utilities 

was In the form of coaT (about 19*500 x lO^^j based on Table 5-10). By multi

plying this consumption by the highest POM emission factor for pulverized coal 

combustion In utility units (controlled with an ESP* since coal conversions 

would likely be subject to at least SIP particulate emission limits)* a "worst 
case" estimate can be developed: 

f •" °j Co^burnedX"'"?/ ""j) POM 

[This emission factor Is the "maximum" reported In Reference 1* Table III-l* 

converted to pg/J using a coal -heating value of 26*800 kJ/kg (11*500 Btu/lb)]. 

Even with these worst case assumptions* emissions from the utility category 

would be only about 0.26 percent of the estimated total for combustion cate

gories. 
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Another category where a sensltlvl-ty analysis Is appropriate Is combus

tion of wood In residential stoves. Emission factors for POM: reported In the 

literature ranged from 0.05 to 0.37 g/kg wood'burned (References 42 and 36, 
respectively). Using these emission factors and the fuel consumption data 

shown In TabUe 5-10* a range of estimates between 1300 and 9600 metric tons 

per year can be developed [based on a wood heating value of about 20*041 kj/kg 
(8600 Btu/Tb of dry wood.)] The fact that such a range exists Is clearly 

indicative of the variability and uncertainty of POM emission factors and the 

associated Impact on the relative significance of various source categories. 

Table 5-11 presents a limited comparison of national emission estimates 

developed In this study with previously published estimates. It Is beyond the 

scope of this study to Investigate the differences between these estimates In 

detail. However* the estimates appear to be relatively consistent with two 

exceptions.. Reference 36 reports significantly higher emissions from coal-

flred Industrial boilers. The estimate was based on a 56 pg/J emission fac

tor* versus 1.5 pg/J reported In Reference 1* and was representative only of a 

pulverized dry bottom industrial boiler. The 1.5 pg/J factor appears to be 

more representative. It Is about twice the emission factor reported for 

utility pulverized coal units* reflecting primarily the difference In emission 

control device application between the utility and Industrial sectors. Anoth

er Indication that emissions from coal-fired utility and Industrial boilers 

are similar Is benzo(a)pyrene (BaP) emission data reported In Reference 2. 

The BaP factor for utility coal combustion was reported to be about 0.05 pg/J 

and for Industrial units It was reported to be about 0.03 pg/J. 

The other discrepancy observed In Table 5-11 is the difference In esti

mates for wood stoves. However* this difference can be accounted for by the 

differences In fuel consumption data used to develop the estimates. Reference 

36 estimated 1976 residential wood combustion at about 16 million metric tons. 

However* recent data for 1980 Indicate that that figure has Increased to about 

26 million metric tons (37). More information on trends In residential wood 

combustion Is presented in Section 5.3.4. 
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TABLE 5-11. COMPARISON OF TOTAL POM EMISSION ESTIMATES WITH THOSE 
REPORTED IN PREVIOUS STUDIES 

Combustion 
Source 
Category 

Estimate In 
Current Study 

1980 
(metric tons/yr) 

Reference 36 
-1976 

(metric tons/yr) 

Reference 41 
-1976 

(metric tons/yr) 

Utility 
Coal 9.1 
Oil 2.2 
Gas 2.1 

Industrial 
Coal 1.5 
Oil 0.48 
Gas 1.1 
Wood 59.6 

Commercial/ 
Institutional 

Coal 0.17 
Oil 0.30 
Gas 0.84 

'Residsptial 
Coal 172 
on 7.2 
Gas 14.7 

Wood Stoves 7022 
Wood F1replaces 502 

12.9 
0.3 
0.3 

69.oa 
1.3 
2.1 
1.2 

DNR 

102 
7.4 
9.8 

3759c 
78 

9.5 
0.3 
0.3 

15.7 
1.2 
2.0 
DNR 

3.1 
1.8 
1.2 

3664b 
4.7 
5.7 
69.8 

Total 7795 4042 3779«' 

Emissions reported tn Ref. 36 based solely on pulverized coal dry bottom 
boiler# emission factor of 56 pg/J versus 1..5 pg/J as reported tn Reference 
as an average for all boiler types. The 1.5 pg/J emission factor Is about 
twice that reported for coal-fired utility units# reflecting primarily the 
difference In control devices (See Table 5-9). 
bNo documentation of emission factor or production data used to calculate 
emissions 

CBased on about 16 million metric tons of wood consumed lin 1976# vs,. 1980 
consumption which was about 26 million metric tons. 

<iNo documentation of emission factor or production data accompanied report. 

5-38 



RADflAN 
ccaronmioii 

j One final consideration that should be kept In mind when reviewing the 

national estimates Is that emissions from' residential combustion sources used 
/ 

for heating, vary considerably with resipect to the season. An example of this 

variation Is shown In Figure 5-1 for wood: consumption In fireplaces and 

r ' stoves. These data show the difference In wood consumption and estimated POM 

' emlslons between, winter and summer months. Similar trends can be expected for 

f emissions from residential coal# oil* and gas combustion sources used primar-
I > 

lly for heating. 

5.3.4 Trends Influenclno POM Emissions 
\ ' 

Utmtv Combustion - POM emissions from utility combustion will be 

Influenced primarily by three factors: the type of fuel burned* emission 

controls used* and growth In new plant construction. 

With respect to the type of fuel burned* the brief sensitivity analysis 

I described above Indicates that even If all existing oil- and gas-fired utility 

capacity were converted to coal* POM emissions from utilities would still * • 
comprise only a small fraction of the total POM emissions from combustion 

source categories. And* although many new utility plants will be designed to 

burn coal* those plants will be subject to the relatively stringent particu

late emission limit CIS ng/J (0.03 Ib/lO® 'Btu;)] specified In the 1979 NSPS 

applicable to coal-flred utilities. Compliance with this standard will re

quire the use of a high-efficiency ESP or a fabric filter* both of which 

provide over 90 percent control of fine particles (43). As discussed above 

control of fine particles will result In substantial control of POM. emissions. 

' Projections for new utility construction have generally been revised 

' downward In recent years because conservation has reduced the need for new 

electrical generating capacity. 
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^ Industrial Combustion 

I'' Industrial growth will be acconpanled by the need for additional Indus

trial boiler capacity. The same factors Influencing POM emlsions from utility 

f combustion are applicable to this category: type of fuel burnedf emission 

i controls used* and projected growth rates. 

Despite possible economic advantages of using coal rather than oil or 

natural gas* there are several potential Impediments In the current regulatory 

environment to a widespread or vigorous increase in industrial coal use. One 

recent study (44) found that about 70 percent of Industrial facilities are 

located In non-attainment areas. The authors noted that obtaining permits for 

construction of new coal-fired boilers (or conversion of existing units to 

coal) In these areas will be difficult because of an "apparent unwillingness 

of existing Industries" to provide emission offsets to competing firms. In 

addition* the concentration of industries In urban areas makes coal burning 

subject to strong local opposition If efficient emission controls are not 

applied. The capital Investment required for the emission control ^sterns* 

combined with the relatively large capital Investment for the boiler Itself* 

may* in many cases* make coal less economically attractive to the Industrial 

user. 
t 

When these economic factors are combined with traditional uncertainties 
I 

In securing an uninterrupted supply of coal (e.g. strikes* bad weather)* there 

appears to be only certain cases where industrial coal use would be favored. 

Using specific case studies* the report cited above (44) concluded that coal 

use appears most economical for energy-intensive industries* such as petroleum 

refining and primary metals* that are located near suitable coal supplies. 

The study also concluded that the use of coal in large erfergy-intenslve indus

tries located along the Gulf Coast (e.g.* chemicals and primary aluminum 

plants) is less likely to be cost-effective in the near term. For smaller* 

less energy-Intensive Industries* capital requirements may be unjustifiable* 

regardless of location. 

1 
%. . 

I 
> 

5-41 



RADIAN! 

r 
J. Future fuel choice decisions for industrliaT boilers will be slgnlftcantily 

affected by oil and gas prices* federal energy policies* coal transportation 

,1 costsx technology developments and environmental regulations. It Is difficult 

to assess what emission control requirements will be applicable to new Indus-

f' trial boilers* since the NSPS for that category has yet to be proposed, 

i However* the NSPS will likely require a higher degree of particulate emission 

control than current state regulations. Also* as discussed above* local air 

I quality considerations* especially In non-attainment areas* are likely to 
require the use of efficient emission controls on new boilers. 

i 
1 

Figure 5-2 shows the growth in industrial wood consumption over the past 

' 30 years. (The consumption values in Figure 5-2 Include wood fired In process 

heaters* which was not included In the calculation of national POH emissions 

from wood combustion presented In the previous section.) Figure 5-2 shows that 

Industrial wood consumption has been fairly steady for the last four years. 

The pulp and paper and lumber and wood products Industries* major users of 

wood-fired boilers* are tied directly to the housing Industry. Process tech

nology changes* energy conservation* and a shift away from the most energy 

intensive products may result In some reduction in energy consumption In the 

pulp and paper and related Industries (37). One source predicts that 1950 MW 

(6.65 X 109 Btu/hr) of new wood-fired boiler capacity will be Installed 

between 1982 and 1990 (45). The added capacity is foreseen as a result of 

growth In the pulp and paper and lumber Industries and trends In these Indus

tries toward replacement of fossil fuel-fired boilers with wood units. 

Replacement of older existing wood-fired boilers will also account for some of 

the new capacity Installed. 

An NSPS for wood-fired Industrial boilers has not been developed. The 
same local air quality considerations discussed above for coal-fired boilers 

would apply to construction and regulation of new wood-fired units. 
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195'! I960 1970 '71 '72 '73 '74 '75 '76 '77 '73 '79 '80 

Figure S-2. Industrial Wood Consumption Trends (37) 

^Includes consumption in boilers and process heaters. 
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Commerelal/Instltutional Combustion 

No quantitative data were located on the expected growth In commerciiaT/ 

institutional combustion. However* some qualitative assessments are possible. 

Continued population growth in urban areas will result In construction of new 

commercial and institutional boilers. Fuel choice decisions for these boilers 

will be driven by the same factors that affect Industrial fuel choices: 

regional location* oil and gas prices* energy policies* coal transportation 

costs* technology developments* and environmental regulations. However* 

development of alternate energy sources* such as solar heating* and energy 

conservation practices may reduce the growth In this category* however. 

New commercial/institutional boilers with heat input capacities of great

er than 14.7 MW (50 x 10^ Btu/hr) will likely be required to use the same 

particulate control systems specified for Industrial boilers under the NSPS 

being developed (33). However* many commercial boilers are smaller than 14.7 

MW and will likely be subject only to SIP emission limits. In most states* 

particulate emission limits are significantly less stringent for small boil

ers. 

Residential Combustion 

Because of the potential for significant POM emissions* the predicted 

growth of wood-fired stoves Is of particular concern. Figure 5-3 shows 30-yr 

trends for residential wood combustion In stoves. These data support the 

analysis that although residential wood consumption dropped sharply In the 

50*s and 60<s increasing oil and gas prices resulted In a significant Increase 

in the use of wood In the residential sector during the last decade. 

It seems likely* that If oil* gas* and electricity prices continue to 

Increase* residential wood consumption will Increase* especially as more 

efficient stoves are introduced. However* the use of alternate energy sources 

such as solar heating could become competitive with wood. 
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Because of the uncertainty associated with predicting resldentlial fuel 
prices and fuel choice decisions It Is difficult to estimate future levels of 

residential wood consumption. To provide an Idea of the potential Increase In 

!P0M from residential wood combustion In stoves* It can be assumed that the 

consumption levels will grow at annual rate equal to that demonstrated between 

1980 and.1961 (about 1.4 percent). Assuming, that no significant changes occur 

In control of POM from wood stoves* annual emissions by 1990 could potentially 

reach 8160 metrlc/tons/yr (assuming 0.27 gm POM emitted per kg of wood 

burned:). 

5.4 (»KE PR0DU(rri0N 

This section deals with POM emissions from by-product coke production. 

5.4.1 $9vrce Category ogsgrlptlpn 

5.4.1.1 Process Description* 

Coke production Is an Integral part of Iron and steel manufacturing. 

(k)ke provides the heat and carbon for the smelting and reduction reactions 

that occur In furnaces. About 93 percent of the coke produced Is used to 

convert Iron ore Into Iron. Iron foundries* nonferrous smelters* and chemi

cals plants account for the remainder of coke consumption. 

By-product coke production Is carried out In enclosed slot-type ovens. 

There-can be 10 to 100 ovens iper coke battery and there are usually several 

batteries located: at each plant. Figure 5-4 depicts a typical plant. The 

major components of the by-product coke process (a batch-type process) are: 

o charging the ovens with pulverized coal that has been 
blended to the desired size and composition* 

*The material presented In this subsection Is summarized from References 
46 and 47. 

I ' 
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o coking reaction (coking time varies between 16 and 20 
hours.) * 

o pushing (after coking Is complete* the coke Is mechani
cally pushed Into quench cars for transport to the next 
process step)* 

o quenching the hot coke with water* and 

o recovery of by-products such as tar* ammonium sulfate* 
benzene* and'naphthalene 

With the exception of by-product recovery* existing data Indicate that each of 
the process operations listed above Is a source of POM emissions. 

Fugitive emissions are associated with charging and leaks from coke oven 
door* lids* and offtakes. (Leaks from lids and offtakes are often grouped 

together under the category of topside leaks.) Battery stacks are located on 

the ovens to provide a natural draft for the combustion gas that Is used to 
heat the battery. Oven gases leak through the oven walls and are emitted 
through these stacks. Pushing results In fugitive emissions. In the quench 
tower* emissions are carried up and out of the tower by the steam produced 
during quenching of the hot coke. Finally* although by-product recovery Is a 
potential source of POM* very little data are available on this portion of the 
process. 

5.4.1.2 Emission Controls/Regulations 

Table 5-12 shows the emission controls applicable to by-product coke pro-
I 

ductlon. Nb quantitative date were located on the use of these systems on ex
isting sources. However* between 80 and 90 percent of the existing capacity 
Is subject to some type of control requirements* either under SIPs or by spe

cial consent decrees (49). The SIP and consent decree requirements vary from 
being relatively stringent for new and some existing sources to no control 
required (50). 
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TABLE 5-12. EMISSION CMNTROLS APPLICABLE TO BY-PRODUCT COKE PLANTS (48) 

Process Type of Control® Control Techniques 
Estimated Control 

Efficiency (*) 

tr. 
I 

lO 

Wet Coal 
Charging 

Door Leaks 

Topside Leaks 

Pushing 

Quenching 

Battery Stacks 

By-Product 
Recovery 

Centalnment 

Containment 
and/or Capture 
and Control 
Devices 

Centalnment 

Capture and 
Control 
Devices 
Process Changes 

Containment 
and/or Control 
Devices 

DNA 

®As characterized In Reference 48. 
'^Reference 48. 
^Reference 55. 

Staged charging* aspiration to draw -50 to 75*' 
emissions Into battery. 

Use and maintenance of doors designed -50 to 80'^ 
to close tightly. Individual hoods on 
doors. Wet scrubbers and wet ESPs are 
candidate control devices. 

Application of sealing compounds to -35 to SO'' 
leaks. 

Enclosures: sheds over "coke side" of -50 to DO'' 
battery. Wet scrubbers and wet ESPs 
are candidate control devices. 
Use of single or multiple baffles In the 40 to 80<= 
quench tower and use of only clean water 
for quenching. Another alternative Is 
dry quenching* but dry quenching would 
require capture and control devices. 

Patching cracks In oven walls or treating DNA 
exhaust gases In scrubbers* EPSs* or 
fabric filters. 

DNA (Likely to be various forms of DNA 
containment) 

DNA » Data not available. 



There Is currently a program underway at EPA to develop a NESHAPs for 
coke ovens. The alternatives telng considered for the NESHAPs* which would 
apply to both existing and new sources* range from achieving 35 to 80 percent 
reduction over current estimated levels of BSC emissions (51) from charging* 
door Teaks* and topside leaks ('51). 

» 

The existing and developing regulations for coke.ovens are generally In 
the form of work practice standards because of the extreme difficulties 
associated with measuring mass emissions from these sources. Typical 
regulations for charging specify the amount of time that visible emissions can 

occur during charging. Other regulations specify the allowable percent of 
leaking doors (PLD)* of leaking lids (RLL)* and of leaking offtakes (PLC) 
(50). Regulations for quench towers do* 1n some cases* specify mass emission 
levels* but many Just restrict the quality of water that can be used In 
quenching (52). 

The Occupational Health and Safety Administration (OSHA) has developed 
and Is enforcing regulations related to worker safety. These regulations 
dictate certain work practice procedures (50). 

5.4.1.3 Source Locations 

By-product coke plants are located In 18 states. Most of the plants 
are located near steel plants and coal supply points.. Forty-seven of the 

estimated 60 plants are owned by or affiliated with iron and steel firms (53). 

In 1976* 57 percent of total U.S. coke was produced In Pennsylvania. 

Ohio and Indiana were the next largest producers. Other states with signifi

cant coke production capacity Include Alabama* West Virginia* Maryland* New 
York* and Michigan. The relative amount of coke produced In various states 
has been fairly stable (53). 
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5.4.2 Emission Factors 

Most of the emission data reported for coke ovens are based on emissions 
of BaP or benzene solublie organlcs CBSO). Very little total POM data are 
available. Table 5-13 summarizes emission factor data from references 
reviewed In this study. Total POM data were located only for door leaks 
(uncontrolled and controlled) and quenching operations. Comparison of BSC 
data available for the various process operations shows that charging* door 
leaks* and quenching (with contaminated water) are the largest potential 
emission sources. 

Tables 5-14 through 5-17 show the type of POM compounds Included In the 
total POM data reported In Table 5-13. 

3.4.3 National Emission Estimates 

Development of national total POM emission estimates for coke production 
Is difficult and uncertain due to the lack of total POM. data andi the wide 
variability of the limited data published. However* a very rough estimate of 
the lower end of the range of national emissions can be developed by assuming 
that POM emissions are at least equal to those from door leaks and quenching. 

An emission factor of 4 gm/metric ton of coal charged Is representative 
of door leaks without an add-on control device. For quenching* an emission 
factor of 2 gm/metric ton of coal charged was assumed. Thus* an estimated 
total POM emission factor of 6 gm/metric ton of coal was used to calculate 
national emissions. This factor Is based on the use of relatively clean water 
for quenching. Most states limit particulate emissions from quenching to 1.24 
kg/metrtc ton of coal charged or less (54). However* compliance with such, 
limits Is based on the use of clean water since emissions from these sources 
are very difficult to measure accurately (55). 

5-51 



TABLE 5-13. EMISSION FACTOR DATA FOR COKE PRODUCTION n 

Process 

Emission Factors 
(omPOM/metric ton of coal charged) 

POM BaP BSO Comments Reference 

U1 
I 
Ol ro 

Charging 

Door Leaks 

Topside Leaks 

Pushing 

Quenching 

Battery Stacks 

*-3\. 
7 X I0-5d 

0.002^1.4 

0.002-0.009^ 0.0005 
I.85f 
6I3f 

50 to 550 

4.2 to 260 
0.25 

0.004 to 0.05 

8 to 17 

II to 2800 

"Poor!y-controlled" 

c 
Controlled with wet ESP 

"Poor!y-control1ed" 

Clean water for quench 
Contaminated water for 
quench 

0.002 to 0.02 1.6 

58 

59 
60 

58 

59 

59 
61 
61 

59 

^Blanks Indicate that no emission factor data were located In references reviewed. 
''Includes 13 POM compounds as shown In Table 5-14. 
^Original reference for these data Is given as: Trenholm* Andrew R. and Lee L. Beck. Assessment 
of Hazardous Organic Emissions from Slot^Tvoe-Coke Oven Batteries. Internal EPA Reportf Durham* 
NC, March 16, 1978. 

"Includes POM compounds shown In Table 5-15. 
^Includes lO POM compounds shown In Table 5-16. 
^Average of tests for green and non-green coke. Sampling conducted with a modified EPA Method 5 
apparatus; samples analyzed by GC/MS for 33 PAH compounds and 18 polar POM compounds. Table 5-17 
shows compounds found In relatively higher amounts. Reference 55 presents data on all POM 
sampled for In the tests. 



TABLE 5-14. POM COMPOUNDS MEASURED IN UNCONTROLLED COKE OVEN: DOOR LEAK SAMPLE 
(59) 

Benzo(a)phena nth rene 

Benzo(e},pyrene 

Benzofluoranthenes 

Benzo(k)f1uoranthene 

Chrysene 

D1benzanth racenes 

Dibenzpyrene 

D1methy1benz(a)anth racene 

n uoranthene 

Indeno(l*2«3-c«d)pyrene 

Naphthalene 

Pyrene 

Benzo(a).pyrene 

5-53 



TABLE 5-15. POM COMPOUNDS MEASURED IN CONTROLLED DOOR LEAK SAMPLES (60) 

Naphthalene 

Fluoranthene 

Pyrene 

Benz(c)phenanthrene 

Chrysene 

Benz(a)anth'racen8 

7 *12-D1methylbenz(a)a nth racene 

Benzof1uoranthenes 

BenzoCalpyrene 

Benzo(e)pyrene 

ChoTanthrene 

Indeno(lf2>3-c»d)pyrene 

D1benz(a f h)anth racene 

Dibenzacrldines 

D1benz(c#g)carbazole 

Dibenzpyrenes 

3-Methyl cholanthrene 
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TABLE 5-16. POM COMPOUNDS IDENTIFIED IN COKE QUENCH TOWER EMISSIONS 
INTERNAL EPA DATA (59) 

Anthracene and phenanthrene 

Methyl anthracenes 

F1uoranthene 

Py.rene 

Methyl pyrene and f1uoranthene 

Benzo (c )iphenanth rene 

Chrysene and benz(a)anthracene 

Methyl chyrsenes 

D1methyTbenz(a)anth racene 

Benzo(a)pyrene 

b-bo 



TABLE 5-17. SELECTED POM COMPOUNDS IN COKE QUENCH TOWER SAMPLES 
PUBLISHED DATA (61) 

Benzo(a)pyrene 

3-MethyT cholanthrene 

7»12-D1methyT>benz(a)anthracene 

D1benz(a»h)anth racene 

D1benzo(a * h)pyrene 

D1benzo(a*1)pyrene 

Benz(a)anth racenes 

Pyridine 

IndenoCl»2*3-c»d)pyrene 

Phenanthrene 

Phenol 

Cresol 

Quinollne 
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The emission factor was then multiplied by the 1980 coke production 
level of 41.8 million metric tons (56) and a typical yield of coke from coal 
of 69 percent (57) to yield a national estimate: 

[ earn POM ] f±on coal charoed j (41t8 X 10 ^ lP9tr1c tPPP COKP) 
^metric ton coal charged J V 0.69 ton coke J \ yr J 

(j"^10^^gm'^") ° metric tons POM/yr (400 tons/yr) 

This estimate Is likely to represent the low end of the estimated range 

of national POM emissions from by-product coke production because only door 

leaks and quenching tower emissions are Included and It was assumed that clean 
water was used In quenching. 

5.4.4 Trends Influencing POM Emissions 

The two major factors that will Influence POM emissions from by-product 
coke production are: 

o proposal/promulgation of coke oven NESHAPs and 

o coke production levels. 

Published alternatives being considered for the coke oven NESHAPs are 
expected to require between 35 to 80 percent reduction of BSO emissions over 
current levels* depending on the emissions source and the alternative selected 
(51). These standards would apply to both new and existing coke ovens. 

Production levels are related to the Iron and steel Industry which* as 
discussed: In Section 5.5.4 Is expected to experience only moderate growth In 

the next few years (1 to 3 percent annually). 

5.5 IRON AND STEEL PROCESSES 

This section describes* in general* some Iron and steel processes that 
potentially emit POM. The discussion focuses on Iron and steel sintering and 
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ferroanpy production* two categories for which at least some Information on 
POM emlsslions was located. Because there were Insufficient published total 

POM emission data* the development of national emission estimates for Iron and 

steel sintering was not feasible. 

* 

5.5.1 SQtirce Cfltgdorv Pescriptign 

5.5.1.1 Process Description 

Several Iron and steel processes may potentially emit POM. Specific 
Information was located for iron and steel sintering and ferroalloy produc
tion. The POM emissions from non-ferrous alloy production and other metals 
manufacturing may be similar to those described for ferroalloy production. 

Sintering—Sintering is the process by which pulverized ore Is agglo
merated before It Is used in a blast furnace. A traveling grate moves the ore 
over a series of wind boxes where air Is pulled through the grate and the ore 
Is Ignited with a burner (62). The ore contains coke and oil scrap and POM 
compounds are generated from the burning of this material. Also* coke and 
scrap particles with absorbed POM can escape at several points In the process 
(62). Much of the POM may be emitted as vapor at sintering process tempera
tures (62). 

Ferroalloy Production—In production of ferroalloys* reducing materials 
such as coal or coke and ores are charged to a furnace on a continuous or 
cyclic basis. Furnace operation Is continuous. Zn the most commonly used 
process (electric arc furnaces) reactions occur in the zones surrounding large 
electrodes. Burning of the coal or coke generates carbon monoxide* particu
late matter* vaporous metallic compounds* and POM (63) which are emitted 
through the furnace exhaust. Electric arc furnaces which can be open* closed* 
or semi-sealed are also used In ferrous foundries* specialty and alloy steel 
production* and nonferrous alloy production. 
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5.5.1.2 Emission Controls/Regulations 

Slnterlino—In 1976» two-thirds of the existing Iron and steeil sintering 

process factllltles had no emission controls (62). Possible control technol
ogies Include ESPs» fabric filters# and wet scrubber# all of which would 
capture significant amounts of POM. Wet scrubbers would likely be the most 
efficient In reducing the total PGM because vapor phase compounds would be 
condensed In the scrubber. No federal NSPS exists for Iron and steel sinter
ing. 

Ferroalloy Production—Exhaust gases from the electric arc furnaces are 

typically vented to wet scrubbers or fabric filters# both of which should 

provide significant POM control. Fabric filters are used at 26 of the 31 
ferroalloy plants In the United States (63). A 1974 NSPS limits particulate 

emissions# opacity# and carbon monoxide emissions from "new" electric arc 
furnaces producing silicon-# manganese-# and chrcme-based alloys. Federal 
NSPS also exist for electric arc furnaces In Iron and steel produclon facil
ities and non-ferrous alloy manufacture and an NSPS Is being developed for 

electric arc furnaces used In ferrous foundries (64). Most states also have 
particulate emissions regulations applicable to existing metal production 

facilities that have required the use of emission control equipment. 

5.5.1.3 Source Locations 

Sintering—Sintering occurs In conjunction with operation of large 
blast furnaces. These plants are concentrated In Ohio# Pennsylvania# and 
Indiana (62). 

Ferroalloy Production—Production of ferroalloys Is concentrated In the 

same states as sintering (Ohio# Pennsylvania# and Indiana) as well as In West 
Virginia# Alabama# Kentucky# and Tennessee. There are also large facilities 
located In Colorado and California (65). 
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5.5.2 Emlsslton Factors 

Sfnter-tno—Only BaP data were available for the sintering process (62). 
The BaP ernlsston estimates ranged from 0.66 to 1.1 gm per metric ton< of 
sinter feed. 

Ferroal1ov Production—POM emission data were collected from a semi-
sealed and a closed electric arc furnace In a recent study supporting review 
of the ferroalloy NSPS (66). POM emissions from the semi-sealed furnace 

(producing 50 percent FeSI) were 91.0 gm/Mw-h. This facility was controlled 
with a low energy wet scrubber followed by a flare. Emissions were measured 
before the flare. Tests on the closed furnace (producing SIMn) showed con
trolled POM emissions of 1.0 gm/Mw-h. The closed furnace was controlled by a 
high pressure drop wet scrubber. Emissions from the closed furnace measured 
before the scrubber were 156 gm/Mw-h when the furnace was producing FeMn. 
Table 5-18 shows the compounds detected In the furnace exhausts sampled. 

No emission factor data were presented for open furnaces* which are used 
In the large majority of ferroalloy plants (65). However* one report reviewed 
did present an annual nationwide POM estimate for open furnaces (see Section 
5.5.3). 

5.5.3 National Emission Estimates 

As stated above* no useful total POM emission factors were available for 
the Iron and steel sintering. Therefore* development of a national POM emis

sion estimates for this category was not feasible. 

Reference 67 presented total uncontrolled POM emission estimates for 
electric submerged-arc furnaces used In ferroalloy production: 
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TABLE 5-18. POM EMISSIONS IN FERROALLOY ELECTRIC ARC FURNACE EXHAUST (66) 

SmISMlad Furnace 
Test C-2f during 

SOS FeSI Production 
mg/NniS g/MW-h 

Test D-2t during 
.51Hn Produrtlon 

mg/NHiS g/MH-h 

eioaad Furnaea 
Test 0-1> during 

mg/Nm3 g/MM-h 

FTuorene 75 ;0 45.9 1.5 0.36 16.0 4.0 
Carbazole b 9.6 2.4 
Anthracene 18.3 11.2 2.1 0.51 220.0 54.9 
Phenanthrene 18.3 11.2 
Cycl openta'Cdef )phenanthrene 10.7 6.5 
Methylanthracenes 1.5 0.92 0.070 0.017 24.0 6.0 
FT uoranthene 27.4 16.7 0.24 0.058 220.0 54.9 
Pyrene 28.5 17.4 0.22 0.053 2.3 0.57 
Methylpyrone 0.07 0.04 0.005 0.0012 14.0 3.5 
Benzo(gh1)fluoranthene 8.9 5.4 
Benzo(a) and benzo(b)nuorene • 1.24 0.75 
Chrysene. 8.1 4.9 0.016 0.0039 49.0 12.0 
Benz(a)anthracane 10.5 6.4 
Methylchrysenas 5.2 1.3 
7.12-d1nethy1banz(a)anthracene 0.58 0.14 
Banzo(e)pyrene 0.81 0.49 51.0 13.0 
Benzofiuoranthene 
Benze(1) fl uoranthene 3.5 2.1 
Benzo (k lifl uoranthene 0.16 0.10 
Benzo(e)acaphenanthylane 3.5 2.1 
Perylene 0.43 0.26 3.1 0.77 
Benzo(a)pyrena 1.64 1.00 
Methylbenzopyrenes 1.2 0.30 
3-niethy1cho1 anthrene 0.39 0.10 
Indeno(1.2<3-c«d)pyrena 1.10 0.67 6.0 1.5 
Bonzo(gh1Iperylene 3.2 1.9 1.4 0.35 
Anthanthrene 0.83 0.51 
D1benzo(ath)anthracane 0.90 0.22 
01benzoCc.g)carbazo1e 0.079 0.020 
01benzo(a(-rah)pyrenes 0.54 0.13 
Coronene 1.0 0.61 0.51 0.13 

TOTAL 91.0 1.0 156.0 

•Before scrubber. 

^Blanks Indicate conpeund not detected. 
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Estimated POM Emissions 
Furnace Tvoe (metric tPng/vr) 

Covered furnaces 209 to 1879 • 

Open furnaces 135 to 1211 

These calculations were based on actual emission factor data measured 
upstream of emission control devices such as scrubbers and fabric filters. 
However» It Is likely that such control devices would substantially reduce the 
amount of POM emitted to the atmosphere (67). Reported "organic" collection 
efficiencies of the scrubbers on five furnaces tested ranged from 16 to 97 

percent (67). As noted elsewhere In this report# fabric filters are expected 
to achieve significant reductions In POM since the fine particulate onto which 

POM Is typically adsorbed Is efficiently collected by fabric filters. 

POM emissions were reportedly significantly higher for closed furnaces 
than for open furnaces on the basis of POM emitted (uncontrolled) per unit of 
furnace capacity. 

5.5.4 Trends Influencing POM Emissions 

Only low to moderate growth (1 to 3 percent annually) Is foreseen for the 

Iron and steel Industry (68). Increased metals Imports# high capital outlays 
required for modernization expenditures to meet environmental regulations# and 
the slow growth of steel-Intensive Industries are the major factors contribut
ing to sluggish growth In this Industry. 

Any new capacity will be subject to the NSPS which generally requires the 
use of fabric filters or high pressure drop wet scrubbers. 

5.6 ASPHALT PRODUCTION - PAVING AND ROOFING 

This section describes two asphalt-related sources of POM' emissions: 
manufacture of asphalt hot mix used In paving and air blowing of asphalt and 
subsequent saturation of felt for asphalt roofing products. 
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5.6.1 Source. Categprv PgggrlPtl'on 

5.6.1.1 Process Descriptions 

Asphalt Hot M1x-~Pro{luct1.on of asphalt hot mix Involves mixing asphalt 

aggregates with hot liquid asphalt cement In a batch or contlnous process. A 
large percentage of the hot mix Is produced In existing plants using the batch 
process shown In Figure 5-5a (71). The drum-mix process* in which wet aggre
gate Is dried and mixed with hot liquid asphalt cement as It Is simultaneously 
dried In a rotary dryer* has been used In most new plant designs (132). This 
process Is shown In Figure 5-5b. Drum-mix plants are also being used to re

cycle salvaged asphalt pavement. Most asphalt mix plants are relatively 
small! the average production rate Is 160 metric tons/hr (176 tons/hr) (69). 
PGM compounds are emitted from combustion of gas or oil In the direct-feed 
rotary dryer and from the mixer. Because the drum-mix process Is based on a 

parallel flow design (I.e.* hot gases and aggregate flow through the dryer In 
the same direction)* particulate emissions from this process are less than 
from a conventional process. However* because the asphalt Is heated to a 
higher temperature for a longer time* the drum-mix process may result In 
greater POM emissions. 

Fugitive emissions of POM may result from asphalt loading and handling. 
As with most batch processes* emissions are highly variable. 

In recent years* virtually all new plants are drum-mix operations 1n 
which mixing and drying of the aggregates occurs within the same vessel (132). 

Asphalt Roofing Products—The two major steps In the production of 
asphalt-based roofing products are air blowing of the asphalt and saturating a 
felt with the air blown material. 

Although the processes are not always carried out at the same plant* air 
blowing Is an Integral part of felt productiom. Air blowing Involves accom
plishing oxidation by bubbling air through liquid asphalt at 220 to 260*C (428 
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Figure 5-5a. Block Flow Diagram of Batch Hot Mix Production (69) 



Ol 
I 

Ol 

VARIABL^SPEED 
CONVEYOR 

, LOAD 
CELL 

BURNER AND 
TURBOCGMPRESSOR 

HEATED 
5TDRAGE 

SILO 

FINISHED 
PRDDUCTtO 

TRUCKS^ 

Figure 5-5b. Block Flow Diagram of Shearer Type Drum-Mix Hot Asphalt Plant (32) 



RADBAN 

to 500'F) for 1 to 4 hours. Emissions are highly variable due to the cyclic 
nature of the process (70). 

Saturating the felt Involves dipping It In alrblown asphalt* spraying It 
with the asphalt* or* In seme cases* a combination of both techniques. The 
final felt product* with controlled thickness coating of asphalt* Is made Into 
rolls or shingles (70). 

5.6.1.2 Emission Controls/Regulations 

Asphalt Hot Mix—Wet scrubbers and fabric filters are typically used at 

asphalt hot mix plants (74). No data were located on the effect of these 
devices on POM emissions from the hot mix process. However* It can be 

expected that both types of control equipment will provide a significant 
degree of control of process emissions of POM because of their relatively high 

fine particle collection efficiencies. Fugitive emissions from hot mix 
production* on the other hand* are largely uncontrolled. 

An NSPS for asphalt hot mix production was proposed In June of 1973. The 
NSPS limits particulate matter emissions and the opacity of outlet stack gases 
from plants (75). The NSPS applies to facilities constructed after June 1973. 
The NSPS Is currently being reviewed by EPA (132). 

Asphalt Roofing Products—Typically* controls for air blowing of as
phalt consist of a primary cyclone (to catch larger particulate matter) fol
lowed by a fume Incinerator (70). No data were located regarding the effect 
of such a control system on POM emissions. 

Saturating operations are generally enclosed by fume hoods which are 
vented to emission control devices. The control devices used on various 

plants Include Tow voltage ESPs* afterburners* and high energy air filter 
(HEAP) systems. Limited data showed HEAF systems reduced total POM by about 
70 percent* while direct-fired afterburners had no effect on POM (70). 
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An NSPS limits particulate emissions and opacity from saturators and 
blowing operations used in manufacturing roofing products and constructed 

after November 1980 (75). ESPs» high velocity air filters and afterburners 
are expected to be used to meet this NSPS (75). 

5.6.1.3 Source Locations 

Asphalt Hot Mix—About 20 percent of the 4300 operating asphalt hot mix 
plants are mobile (71). Most permanently Installed plants are located in 

urban areas. As of 1974» states with 5 percent or more of the national 
asphalt hot mix capacity were California* Illinois* New York* Pennsylvania* 
and Ohio (72). 

Asphalt Roof1no Products—The majority of asphalt roofing product 

plants are also located in urban areas. Six large plants (out of an estimated 
200 total plants) were reported to account for 20 percent of production In 
1973 (73). Four states were reported to have 15 or more roofing product 
plants: California* Illinois* Texas* and New Jersey (73). 

5.6.2. Eniggipn F^rtorp 

The limited emission factor data located for these categories are 
presented below.. In both cases* published data were limited to one or two 
emission tests conducted at what were considered to be representative 
facilities. 

Aspha.lt Hot- Mix—Control Ted emissions from the stack exhaust and mixer 
at a batch production facility were reported to be 13.0 mg per metric ton of 
hot mix produced (76). The plant was equipped with a primary cyclone followed 

by a wet scrubber. No Information was provided on the emission test method 

used. Table 5-19 shows the POM. compounds Identified in the stack exhaust. 
Reported analytical errors ranged from 6 to 144 percent for the different 
compounds. No fugitive emission factor data were located* nor were data 
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TABLE 5-19. POM COMPOUNDS IDENTIFIED IN STACK EXHAUST EMISSIONS FROM A 
CONTROLLED ASPHALT HOT MIX PLANT (76) 

Dlbenzothtophene 

Anth racene/phenanth rene 

Methylanthracenes and phenanthrenes 

9-Methy1anth racene 

F1uoranthene 

Pyrene 

Benz(c)ph enanth rene 

Ch rysene/benz(a)a nth racene 

7»12-D1iinethy 1 benz (a) anth racene 

3 >4-Benzof1uoranthene 

Benzo(a)pyrene 

Benzo(e)pyrene 

Perylene 

3-Methyl Choi anthirene 

D1benz(a» h)anth racene 

Indeno(l»2»3-c*d)pyrene 

7H-D-I benzo(c«g}carbazol e 

.D-tbenzo(afh and a»1}pyrene 
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available for the newer drum-mix facilities. EIn the course of Its NSPS 
revlewf EPA plans to conduct emission tests at drum-mix facilities (132).] 

•AsohaTt Roofing Products—Controllad POM emissions from air blowing and 

saturator operations were reported; as (77); 

Air blowing: 2.1 mg POM/metrlc ton felt produced 
Saturators: 4.3 mg POM/metrlc ton felt produced 

These data represent the average emissions from two representative facil
ities. The air blowing operations tested were equipped with fume Incinera
tors. At one air blowing operation* POM compounds were reduced by about 80 
percent across the fume Incinerator* but at the other facility POM Increased 
by a factor of two across the Incinerator (77). 

One of the saturators tested was equipped with a HEAP system which showed 
70 percent reduction of POM. The other saturator tested was equipped with a 
fume incinerator which reportedly had no effect on POM emissions (77). 

The data were collected using a Method 5 sampling train modified by 
placing the filter after a series of Implngers. Table 5-20 shows the POM 
compounds Identified In samples from the air blowing operations tested. 

5.6.3 NfltlonAl Emlsslgp Estimates 

The emission estimates for these categories were calculated by 

multiplying estimated 1980 national production levels by the emission factors 
presented above. 

Asphalt Hot Mix—Annual production of hot mix In 1980 was reported to 

be 22.1 X 10® metric tons (24.3 x 10® tons) (78). This figure agrees rela
tively well with a 1976 production level of 20 x 10® metric tons used In an 
earlier study (79)$ but Is an order of magnitude Tower than a 1975 estimated 
production level of 300 x 10® metric tons attributed to the National 
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TABLE 5-20. POM COMPOUNDS IDENTIFIED IN SAMPLES FROM ASPHALT 
AIR BLOWING AND FELT SATURATION (77)a 

Benz(c)phena nth rene 

7 *12-01methyl(a)anth racene 

BenzoCalpyrene 

Benzo(e)pyrene 

3-Methylcholanthrene 

D1 benzT a * h.) pyrene 

D1benz(a«1)pyrene 

asample extracted with methylene chloride and analyzed by GC/MS. 
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Asphalt Pavement Association (80). Since the 1980 estimate was more recent 

and since the original reference for the hi'gher estimate was not readily 

available* the 1980 estimate was used In calculating national emissions: 

(zZnl y 10^ mrtrlc tons hot tfg.o x lo om POM^ /metric ton^ 
yr J ^metric ton hot mixy lO® gm J 

t 

= 0.29 metric ton/yr (0.32 ton/yr) 

These estimates are based on the emission factors for batch plants and do not 
reflect emissions from newer drum-mix plants. 

Asphalt Roof1no Products—In 1980* an estimated 5.3 x 10^ metric tons 
(5.8 X 10® tons) of asphalt roofing products were manufactured (78). 
Based on the controlled emission estimates presented above national POM 

emissions were calculated as follows: 

lo; Mtn. f*it^ 

= 0.011 metric ton/yr (0.025 ton/yr) 

= 0.023 metric ton/yr (0.012 ton/yr) 

Total= 0.011 + 0.023 = 0.034 metric ton/yr (0.037 ton/yr) 

5.6.4 Trends Infltionclnq PQM Emlsglons 

Asphalt Hot Mix—Asphalt hot mix production levels are related directly 

to the paving Industry. Production levels are likely to remain, relatively 
steady (79). New or modified plants will be covered by the existing NSPS 

which requires particulate emission control. Also* as mentioned above* newer 

facilities are likely to be drum-mix designs. 
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Asphalt Roofing Products—Production levels of roofing materials are 
dependent on the housing Industry and there Is also a large replacement market 
for these products. The 1980 U.S. Industrial Outlook (81) predicts a 2 per

cent growth In new construction through 1984# although the growth In this 
industry Is highly dependent on the general state of the economy and on mort

gage loan Interest rates. No Information was located regarding the capability 
of existing roofing materials production facilities to keep pace with the 
anticipated housing Industry growth. New or modified plants will be subj.ect 
to the NSPS for this category. 

5.7 CATALYHC CRACKING IN PETROLEUM PRODUCTION 

This section deals with POM emissions from catalytic cracking as used In 

petroleum refining. Catalytic cracking Is used to upgrade heavy petroleum 
fractions to produce high octane gasoline and distillate fuels. 

5.7.1 Source Cateoorv Description 

5.7.1.1 Process Descriptions 

There are three basic types of catalytic cracking techniques currently 
used in the petroleum industry: 

o fluldlzed catalytic cracking* 

0 thermofor catalytic cracking* and 

o houdrlflow catalytic cracking. 

Fluidilzed catalytic cracking accounted for about 94 percent of the total 
refinery catalytic cracking In 1977 (82). The basic process inVolves heating 
a mixture of gas and oil to about 480*C over a silica alumina catalyst and 
then fractionating the mixture (82). The spent catalyst Is regenerated In a 
kiln by burning off the coke that has coated the catalyst particles during 
cracking. The regeneration process in carried out about 540*C. Venting of 
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the exhaust gases from the regeneration kiln Is a potential source of POM 
emissions. 

5.7.1..2 Emission Control.s/Regulattons 

In many cases* exhaust gases from the regenerator are vented directly to 
a carbon monoxide (CO) waste heat boiler to recover the useful energy In the 
gases. CO boilers which are flired with auxiliary fuel or contain a catalyst 
have been reported to be 99 percent efficient In reducing PAH emissions (82). 

Direct-fired afterburners (plume burners) are reportedly not efficient con
trols for POM. 

Catalytic cracking units constructed after June 1973 are subject to an 

NSPS that limits CO and particulate matter emission limits (83). The NSPS 
generally requires the use of a CX) waste heat boiler and an ESP. State 

requirements applicable to new and existing catalytic cracking units also 
generally require some degree of particulate matter and CO control (84). 

5.7.1.3 Source Locations 

Refining capacity Is centered in Texas* Louisiana* and California* but 
most states have at least one refinery (82). 

5.7.2 Ernl5?l9P Pactprs 

The most representative POM emission factor would appear to be one that 
represents the use of a CO waste heat boiler. A weighted average of the 
controlled emission factor data for the three types of catalytic cracking 
techniques was' reported to be 930 ug POM per cubic meter of oil cracked 
(intermediate value 1n Reference 85). No Information was provided regarding 
the emission test method or the POM compounds Included In the sample. 
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5.7.3 National Emission Est^lnates 

National POM emission estimates for catalytic cracking were derived by 

multiplying the emission factor given above by the reported quantity of oil 
subject to catalytic cracking In 1980. 

The Oil and Gas Journal (86) reports that as of January 1981* U.S. 
catalytic cracking levels totaled 1,017,891 m3/stream-day (6,401,833 
bbl/stream day). This figure Includes fresh and recycle streams. A stream 

day Is defined as operation at full capacity for short periods. Catalytic 
cracking units generally operate at stream-day capacity about 90 percent of 
the time (86). 
' • 

Based on this Information, national POM emissions from catalytic cracking 

were estimated as follows: 

^1.017.891 cracke^ ^9 stream-da^ 665 dav^ 6gQ x lO"^ om'NMetric toi^ 
^ stream day J day / \ y / v crackedy^lOO gm J 

= 0.31 metric tons/yr (0.34 tons/yr) 

5.7.4 Trpnds Jpflqpnplnq PQM. gpii?sipn5 

Two factors will Influence future POM emissions from catalytic cracking: 

oil production levels subject to cracking and recent technology developments 

In the cracking process Itself. 

Estimates of oil production levels fluctuate widely with changes In the 
U.S. and world economic situations, but many forecasters predict a drop In 
motor gasoline and distillate fuel production as a result of conservation 
Induced by price Increases, more fuel efficient cars, and a switch from dis

tillate oil to natural gas for home heating. The Oil and Gas Journal pre
dicted a 2 to 3 percent drop In the amount of oil subject to cracking between 
1981 and 1982 (87). 
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More complete combust-Ion of CO to CO2 In the catalytic cracking process 
could lead to reduced POM. emissions. Recent developments In this regard 
Indudis the UOP hot regeneration and the Amoco Ultracat process. The rela
tively higher temperature for regeneration used In the UOP process Improves 
combustion efficiency and thus could reduce POM emissions. However* the high 

temperatures require special materials of construction making the UOP process 
more suitable for new units than retrofits. The Amoco process* however* Is 
based on Improving the catalytic reactor efficiency* allowing more complete 
combustion to occur In the regenerator without having to operate at high 
temperatures (88). Thus* the technology similar to the Amoco process may be 
suitable for retrofit to existing units. 

5.8 (X)MBUSTION OF MUNICIPAL* INDUSTRIAL* AND COMMERCIAL WASTES 

Combustion of waste can be carried out In boilers or Incinerators. Waste 

fuel-fired boilers recover the heat from combustion to generate steam (or* In 
rare cases* electricity). The primary purposes of Incinerators* on the other 

hand* are to: 

o reduce the volume of waste to be disposed of* 

o reduce the toxicity of waste* or 

0 recover valuable resources from the waste. 

Although POM emission data were located only for municipal solid waste 
(MSW) and commercial Incinerators* several other categories are discussed 
below because of their similar potential for PGM emissions. The categories 
discussed here Include: 

o municipal solid waste combustion (Incinerators and 
boilers)* 

o Industrial solid and liquid waste combustion (Incinerators 
and boilers)* and 

o commercial solid waste combustion. 
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Hazardous waste lincinerators were not reviewed in this study because of 

their extensive coverage under the current RCRA programs (89). 

5.8.1 ?ourP9 Cat^qprv P^sgrlption 

5.8.1.1 Process Descriptions 

POM emissions from waste combustion will be a function of waste composi
tion and incinerator or boiler diesign and operation. 

Municipal Waste Combustion—Municipal waste is generally a heterogenous 

mixture of wood* paper* metal* glass* and refuse. However* municipal waste 
can contain industrial wastes* combustion of which may result in relatively 
higher POM emissions (90). One source (91) estimates that in 1980 municipal 
solid waste contained 5 percent plastics by weight* 20 percent of which was 
polyvinyl chloride (PVC). Combustion of plastics may potentially increase POM 
emissions. Increasing utilization of plastic products would result in even 
higher concentrations. Another factor that may result in relatively higher 
POM emissions from municipal waste combustion is the expected higher percent
ages of organic matter* such as leaves and tree clippings* that is likely to 
be present during the Fall. 

There are several types of municipal incinerators (90). The waste can be 

combusted on a moving belt* in drum-type rolling chambers* or on various types 
of grates. Waste can be fed continuously* as is the case for all larger* 
modern facilities* or it can be fed in batches* sometimes manually. Batch 

operations are typical of older* smaller municipal incinerators many of which 
have been shutdown (see following sections). About 150 to 200 percent excess 
air is supplied to the incinerator [compared with the 30 to 50 percent excess 
air typical of industrial coal-fired boilers (92)3. The large volumes of 
combustible exhaust gases generated are sometimes burned in secondary chambers 

(multiicharaber units). The exhaust gases* which contain PGM resulting from the 
incomplete combustion of organic material In the waste* exit through stacks to 
the atmosphere. Large units operating continuously at high temperatures 
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achieve more efficient combustion than smaller units and thus produce less POM 
per mass of waste material combusted (90). 

O 

The average MSW Incinerator can process about 16»000 kg/hr C385 metric 
tons/day (424 tons/day)] of solid waste (90). At most large facilities* the 
waste Is burned as received with an effort made only to separate out very 
large non-combustible Items. 

Boilers fired with MSW also burn the waste as received* with only minor 
separation. Typical new MSW boilers can process about 181-2720 metric tons/ 
day (200 to 3000 tons/day) of refuse (133). Heat Input capacities of exist

ing units range from 1.3 to 85 MW (4.5 x 10^ to 290 x 10^ Btu/hr) (93). C85 
MW Is approximately equal to 545 metric tons/day of waste burned for these 

units.] 

Industrial Waste Combustion—Industrial wastes combusted in Incinera

tors consist primarily of processing wastes and plant refuse and contain 
paper* plastic* rubber* textiles* and wood. Because of the variety of manu
facturing operations* waste compositions are highly variable between plants* 
but may be fairly consistent within a plant. Also* existing Industrial 

boilers are used to burn refuse-derived fuel (RDF)* either alone or with coal. 

In addition* a recenty published paper (89) reports that as much as 18 
million metric tons (20 million tons) of hazardous wastes are burned annually 
In existing industrial boilers. 

Industrial Incinerators are basically the same design as municipal 
Incinerators. Available data (based on a sample of over 300 units) Indicate 
that 91 percent of the units were multlchamber designs* 8 percent were single 
chamber designs* and 1 percent were rotary kiln or fluldlzed bed designs (94). 
About 1500 of the estimated 3800 Industrial Incinerators are used for volume 
reduction* 640 units (largely In the petroleum and chemical industries) are 
used for toxicity reduction* and the remaining 1700 units are used for re
source recovery* primarily at copper wire and electric motor plants. Some 

5-77 



RADBAN 

Industrial boilers are specifically designed to fire waste fuels. There are 
about 50 of these units# ranging up to about 7.6 MW (26 x 106 Btu/hr) heat 
Input capacity (93). 

Refuse-derived fuel Is a solid waste fuel that has been processed or 

classified to remove non-ccmbustible materials. RDF can. be. co-fired with coal 
In existing boilers or In boilers designed specifically for RDF. There are an 
estimated six facilities either operational or under construction that will 
fire only RDF (93). 

Apparently some existing coal- and oil-fired Industrial boilers are being 
used to burn hazardous wastes (89). Characteristics of these boilers were 
discussed In Section 5.3. 

Commercial Waste Combustion—Incinerators are used to reduce the volume 

of wastes from medical facilities# large office complexes# schools# and com
mercial facilities. Small multlchamber Incinerators are typically used and 
over 90 percent of the units require firing of an auxiliary fuel. Because of 
the Inefficient combustion In these units# they can be a potentially signifi
cant source of POM (95). Operating, skills of commercial and Industrial 
incinerator operators are usually limited. 

5.8.1.2 Emission Controls/Regulations 

This section presents, a summary of the emission controls typically used 
on existing waste combustion sources and general Information on the air emis

sion regulations applicable to these sources. 

No quantitative data on the effect of emission controls on POM emissions 

were located# but the general principles described In Section 5.3 apply here: 

0 particulate matter control technologies designed to col
lect fine particles (ESPs# fabric, filters) will be effec
tive in controlling POM compounds which preferentially 
condense on smaller particles# and' 
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o wet scrubbers can be effective In reducing POM emissions 
that are In the vapor phase* because those compounds aire 
condensed as the gas Is cooled In the scrubber. 

Highlights of the emission regulations applicable to existing and new 
waste combustion sources are discussed below. 

iMunlcloal Waste Combustion—MSW Incinerators and boilers firing MSW 
with a capacity of 45 metric ton/day (SO tons/day) or greater and constructed 
after August 1971 are subject to an NSPS (96) that requires about 93 percent 
control of particulate emissions (97). Boilers and Incinerators burning 

municipal wastes are also subject to SIP emission and opacity limits In most 
states. These are sometimes regulated together under the designation of "fuel-
burning equipment" (98). 

New MSW-flred boilers will also be regulated under the industrial boiler 
NSPS currently being developed by EPA. The proposed standard will likely 
require the use of ESPs. 

Industrial Waste Combustion—Industrial Incinerators are subject to SIP 

particulate and opacity standards In all SO states. The typical standard 

requires that outlet particulate emissions be controlled to about 0.45 
gr/Nm3 (0.2 gr/dscf) at 12 percent CO2 (99)» or slightly greater than 80 

percent control (100). Opacity limits generally range between 10 and 30 
percent (99). Most Industrial Incinerators are currently equipped with after
burners* but new units may be required to have scrubbers or ESPs (101). 

New Industrial boilers firing waste or RDF will be subject to the NSPS 
being developed by EPA* which will likely require the use of scrubbers or 
ESPs. * Existing Industrial boilers are subject to SIP emission limits 
depending on location* size* and fuel. type. As discussed In Section 5.3.1.2* 
emission controls used on existing sources vary from relatively Inefficient 
mechanical collectors to high efficiency ESPS and fabric filters. At least 40 
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percent of the existing RDF and RDF/coal capacity Is contronied with ESPs 
(102). 

CoimnerclaT Waste Combustion—No specific Information was located for 
these sources* but they may be subject to SIP particulate and/or opacity 

levels. However*'they are unlikely to be equipped with efficient emission 
controls. Reference 95 reports that most "commercial" incinerators are 
equipped with afterburners* but Includes Industrial Incinerators In their 
definition. 

5.8.1.3 Source Locations 

Municipal Waste Combustion—MSW Incineration without heat recovery has 
been declining In recent years due to the inability of older units to comply 
with applicable air emission regulations. As of 1979-1980* there were slight
ly more than 100 operating MSW incinerators spread over 19 states* most 
located In the eastern and middle portions of the country (103). The highest 
concentrations of these sources were In New York City and Chicago. 

Most of the MSW-flred boilers are also located near urban population 
centers (104). 

Industrial Waste Combustion—No specific location data were available 

for industrial Incinerators or waste-fired boilers. However* the locations of 
these units will obviously parallel those of the Industries that rely on them. 

The lumber and wood products* primary metal* and printing Industries are 
expected to be the major users of large Incinerators. The lumber and wood 
products Industry Is located: primarily In the Southeast and Northwest. Pri
mary metals are concentrated In the Appalachian and Great Lakes regions. 

Commercial Waste Combustion—Concentration of these units will follow 

urban population patterns. 
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5.8.2 Fflgtftrs 

Emission factors for total POM from, waste combustion were available only 

for MSW incinerators and commercial Incinerators* and even these data were 
quite limited. Most of the available data were originally reported In a 1967 

study (105). No information was provided on the composition of the waste 
fired during the tests* a. major factor Influencing POM emissions. 

Table 5-21 shows available PAH emission data for four MSW Incinerators 
and a commercial Incinerator. The PAH compounds reported are Indicated In the 
footnotes. Two previously described trends are supported by these data: 

o Uncontrolled emission factors were highest for the commer
cial incinerator* followed by the smaller MSW unit. The 
larger MSW unit had the lowest uncontrolled emission 
factor. These data* although very limited* tend to sup
port the trend of less PGM per unit of refuse burned for 
larger* more efficient incinerators. 

o The scrubber and scrubber/ESP combination both showed 
significant reduction of PAH relative to uncontrolled. 

Emissions of polychlorinated b1phenyl compounds (a subset of POM not 
Included In PAH) have been reported to be between 0.10 to 0.16 gm/metric ton 
of municipal solid waste Incinerated (based on two studies) (106). 

5.8.3 Nqtlonfll Efnigglon Sstlmat^p 

Development of national POM estimates was possible only for MSW Incinera
tors and commercial and industrial incinerators. Due to a lack of data re
garding the amounts of waste combusted* emissions were developed by multiply
ing the average unit capacity by the estimated number of units* an average 
annual capacity factor* andi an emission factor. 

The average MSW Incinerator capacity has been reported to be 385 metric 
tons/day (424 tons/day) and there are an estimated 104 units nationwide (95). 
A 70 percent average annual capacity factor was assumed In lieu of specific 
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TABLE 5-21. PAH EMISSION FACTORS FOR MSN AND COMMERICAL INCINERATORS n 

ir. 

CO 
ro 

Source Type (Reference) 

Small* Batch MSW 
Incinerator-reclprocating 
grate (106) 

Large* Continuous Hultich^ber 
Incinerator-traveling grate (106) 

Large* Continuous Incinerator-
rocking bar grate (106) 

Commercial Incinerator 
(geometric mean of fo types of 
units - one a single chamber* the 
other a multlchamber with 
auxiliary gas firing) (107) 

Capacity 
(metric ton/day) 

Emission 
Control 

PAH Emissions 
(gm/metric ton 

incinerated) 

45 

225 

216 

2.7 to 4.6 

None 

Water-Spray 

None 

None 

0.310® 

0.016® 

0.042® 

Wet scrubber/ESP 0.014b 

6.8C 

z 

®Compounds measured In sample: Benzo(a)pyrene* pyrene* benzole)pyrene* coronene* 
benzo(g*h*1)perylene* f1uoranthene* phenanthrene. Perylene* anthracene* anthanthracene were 
analyzed for but not detected. 

bAlso includes benz(a)anthracene* chrysene* benzofluoranthenes* perylene* and 
1ndeno(l*2*3c*d)pyrene. 

^No Information on POM compounds Included In emission factor. 



RADBAN 

data for MSW Incinerators. This assumption was based on a reported average 

commercial Incinerator capacity utilization of 71 percent (95). The PAH 

emission factor presented In Section 5.8.2 for large MSW Incinerators 

controlled with the scrubber/ESP system was selected as representative of the 
current population. The size of the unit tested was similar to the average 

size MSW Incinerator. The emission factor reported for PC8 was not included 

because of the relatively small size of the Incinerator tested (0.11 metric 

tons/day)• Thus# the PAH emission factor may result In a low estimate of 

total POM. National PAH estimates for MSW incinerators were calculated as: 

(365 dav^/s85-metric tons 1neinerata^i/o.7 capacity factor\/io4 unlt^x 
yr d.y-un1t A j 

(8il)ll4 ffln /iBtels-taa 
y^metrlc ton y gm ^ 

= 0.14 metric tons/yr (0.16 tons/yr) 

A similar method was used to calculate PAH emissions from commercial and 
industrlal 1nclnerators: 

p65 dav^ f0.71 capacity facto^ {2.5 metric ton^ /l00,000 unlt^ 
J \ J \ "n^tday J J 

(metric ton) ^106 gmJ 

M qm 
^metric ton^ 

440 metric tons/yr (485 tons/yr) 

Average capacity* capacity utilization* and the number of units were obtained 
from Reference 95. Industrial Incinerators were Included with commercial 
Incinerators In the available data on capacity and number of units. In lieu 
of other data being available* the emission factor for commercial units was 
assumed to apply to Industrial incinerators. 

It should be emphasized that these emission'estimates are highly uncer
tain. They are based on a very limited data; they may not reflect total POM 
emissions (i.e.* polychlorlnated biphenyls); and they do not refliect the 
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actual composition and amounts of waste combusted. A1so» no data were avail
able to develop accurate POM emission estimates for MSW-flred bollerst Indus
trial Incinerators or Industrial boilers ̂burning soil Id waste* hazardous waste-

s* or RDF. Of these sources* Industrial Incinerators may potentially be the 
most significant because of their relatively lower combustion efficiencies and 
Tack of controls. 

5.8.4 Tr9n<<s JpfTtiQnqtnq PQM' ^mlpslgns 

Munlcloal Waste Combustion—The trend Is toward larger* more efficient 
MSW incinerators due to air emission regulations (90). These larger units 
will generally be equipped with ESPs. One reference reports that the trend In 
emission control selection for MSW incinerators has been forced away from 

scrubbers because of the failure of some earlier poorly designed Impingement 
scrubbers (108). 

Reported growth projections for MSW Incineration are that about 5 new 
units will be built by 1985* each at about 2270 metric tons/day (2*400 tons/ 
day) capacity. Six large MSW-flred boilers are expected to be built by 1990 
(93). These new units will likely be controlled with ESPs or wet scrubbers. 

Industrial Waste Combustion—Industrial Incineration Is expected to 
decline* especially for use In volume reduction purposes (109). This trend Is 

reportedly due to land disposal techniques becoming more economical as a 
result of more stringent air emission regulations (109). Exceptions to the 
decline In Industrial Incinerators Include (109): 

o Incineration with heat recovery (especially in the lumber* 
pulp* and paper* and'other Industries with combustible 
wastes)* and 

o resource recovery from copper wire and electric motor 
Incineration. 
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One study has suggested that the complications of RCRA rules and the 
associated recordkeeping requirements may lead to Increased (and unregulated) 

combustion of hazardous wastes In existing boilers (89). This could be a 
significant source of POM emissions depending on the types of waste 

incinerated* existing emission controls* and regulatory development related to 
RCRA. 

Six new RDF-flred units with a total heat Input capacity of about 380 MW 
are expected to be build by 1990 (93). The co-firing of RDF In existing coal-
fired boilers may Increase due to general Incentives to reduce fuel-related 
costs. 

Commercial Waste Combustion—No significant changes in capacity or 

types of wastes Incinerated are expected In this category. 

5.9 CARBON BLACK PRODUCTION 

5.9.1 Sfturgg Cflteqprv Pgsgrlptlon 

5.9.1.1 Process Description 

Carbon black Is produced by pyrolysis of an atomized liquid hydrocarbon 
mixture. One of Its main uses Is as a reinforcing agent In rubber tires. 
About 90 percent of U.S. carbon black Is produced by the oil-furnace process. 
Temperatures In the refractory-lined steel furnaces vary between 1320 and 
1S40*C. The heat for the decomposition reaction Is supplied by combustion of 
natural gas. The pyrolysis reaction Is a source of POM emissions (110). 

Hot furnace gas* containing carbon black particles* Is cooled to about 
230'C and then passed through a fabric filter for recovery of the carbon black 
(110). Exhaust gas from the fabric filter Is vented to the atmosphere or sent 
to an emission control device. The main process vent Is the major source of 
POM emissions In a carbon black plant. Emissions may depend to some degree 
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on the type of carbon black produced due to required differences In furnace 
operation as a function of product specifications. 

5.9.1.2 Emission Controls/Regulations 

About two-thirds of U.S. carbon black plants use a combustion device 
(flare* (X) boiler* or thermal Incinerator) on the main process vent (110). No 
quantitative data were available on the effect of these systems on POM emis
sions. Although the use of a combustion device might be expected to reduce 

POM emissions* "high temperatures" (In the combustion devices) could report

edly lead to formation of additional POM (110). No temperatures were speci
fied In the reference reviewed. 

However* In addition to the combustion control device* most carbon black 
furnaces are equipped with fabric filters for product recovery. Thus* POM 
condensed on the captured carbon black particles will be removed from the 
exhaust gas stream. 

Existing carbon black plants are generally subject to SIP particulate 
emission limits. New plants would be covered by prevention of significant 
deterioration (PSD) requirements* but no NSPS exists for this source category. 

5.9.1.3 Source Locations 

Carbon black plants are located In Louisiana* California* West Virginia* 
Arkansas* Oklahoma* and New Jersey (111). As of 1977* about 60 percent of the 
U.S. production capacity was located In Louisiana. 

5.9.2 Emtsston Fflctors 

Total uncontrolled POM emissions from an olT-furnace carbon black plant 
were measured In a previous study using a modified Method 5 sampling train 
(110). Samples were extracted* separated by liquid chromatography* and 
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analyzed by GG/MS. A total POM emission factor of 1.9 gm/metric ton (3.8 x 
IC^ 1b/ton) of carbon black produced' was reportedi. Acenaphthylene accounted 
for about 46 percent by weight of the POM In the samples collected. Table 

5-22 lists the POM compounds detected In the collected samples. 

5.9.3 National Emission Estimates 

Reference 110 puts the U.S. carbon black production capacity at 1.72 x 
10^ metric tons (1.9 x 10^ tons/yr). In 1980* the value of carbon black ship
ments was S540 million (112). At about $0.50/bulk kg of carbon black (113}f 
this translates Into approximately 1.08 x 10^ metric tons/yr (1.19 x 10^ 
tons/yr), or 57 percent of capacity. Thus, national POM emisisons from carbon 
black production can be estimated as: 

[L09 X 10^ ni9tr1p tons carbpn bl^cK) L 1.9 gm PPM .] fetrtc ton ] 
\ J ynetric ton producedy ^ 10° gm J 

= 2.05 metric tons/yr (2.26 tons/yr) 

This estimate, may be somewhat high since It Is based on an uncontrolled POM 
emission factor (110) and, as stated above, about two-thirds of the plants 

currently have combustion devices for emission control. However, no data were 
available to quantify the effect of such combustlon-ty.pe controls on POM emis
sions. 

5.9.4 Trends Influencing POM Emissions 

A two to three percent annual growth rate has been projected for the car
bon black industry (114). Some of this growth, appears possible without con
struction of new facilities as Indicated by the 57 percent capacity utiliza
tion figure presented above. New plants will likely be subject to PSD permit
ting requirements that require some form of emission control. 
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TABLE 5-22. POM COMPOUNDS IN SAMPLES FROM. OIL-FURNACE 
CARBON BLACK PLANT (110) 

Acenaph.thylene (46X of total) 

Anth racene/phenanth rene 

Benzof1uoranthenes 

Benzo(g*h» 1) f liuoranthene 

Benzo(g,h»1)perylene/anthanthrene 

Dtbenzanth1ocenes 

Of benzol c»g.) carbazole 

Dtbenzopyrenes 

Dlbenzothlophene 

D1methylanth racenes/phenanth renes^ 

7f'12 01methylibenz(a)anthracene 

F1uoranthene 

Indeno(l>2>3-Cfd)pyrene 

Methyl a nth racenes/phenanth renes^ 

Methy1cholanth rene 

Methylfluoranthene/pyrene 

Pyrene (26SS of total) 

^Together these groups accounted for 12% of total. 
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5.10 WOOD CHARCOAL PRODUCmON 

5.10.1 Source Cateoorv Deserfotlon 

5.10.1.1 Process Description* 

Charcoal* primarily used for outdoor cooking* Is manufactured by the 

pyrolysis of carbonaceous raw materials. The raw materials used are primarily 

medium to dense hardwoods.. Softwoods* sawmilT residue* nutshells* fruit pits 

and vegetable wastes can also be used. (This study was limited to examining 

charcoal production from wood.) There are two major types of techniques used 

In wood charcoal manufacture: 

o Missouri-type batch kiln* and 

o Continuous Merreshoff furnace. 

The batch process accounts for about 45 percent of the national produc

tion (a small portion of this capacity Is accounted for by older beehive 

kilns). Continuous furnaces* which generally have a much larger capacity than 

batch kilns* account for the remainder for production capacity. The klUn or 

furnace products are sold directly or made Into briquettes. 

A Missouri-type batch kiln normally processes about 45 to 50 cords of 

wood In a 10- to 25-day cycle. KITn temperatures are In the 450 to 510*C 

range and pyrolysis of the wood products Is a source of POM emissions. 

Missouri-type kilns have exhaust stacks along the side walls. The required 

burn time and resulting emissions from' the batch kiln vary with kiln capacity* 

operational practices* wood species* and wood moisture content. 

*The Information presented In this subsection Is summarized from References 
115 and 116. 
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Contlinuous charcoal production Is accomplished In Herreshoff multiple 

hearth furnaces. Furnace temperatures range between 480* and 650*C. The 

off-gases exit through the stacks located on top of the furnace or are used as 

a heat source (e.g. predrytng of feed* drying of briquettes produced at an 

adjacent location* or combustion In a waste heat boiler to produce steam.) Use 

of continuous Herreshoff furnaces requires a large and steady source of raw 

materials. The typical continuous furnace capacity is 2.5 metric tons/hr 

(2.75 tons/hr). 

5.10.1.2 Emission Controls/Regulations 

Emission control of batch kilns is complicated by the cyclic nature of 

the process. Direct-fired afterburners are probably the most feasible control 

system* but auxiliary fuel use Is required with these devices. If fuels other 

than natural gas are used as the auxiliary fuel there Is a potential for 

additional POM emissions. No data were located on the percentage of batch 

kilns equipped with afterburners. No data were located on the effect of 

afterburners on POM. Natural gas would likely have to be used as the auxil

iary fuel to avoid additional POM emissions. 

Many of the batch kilns are older and relatively small batch kilns are 

likely to be uncontrolled (115*116). 

Continuous furnaces can also be controlled by direct-fired afterburners. 

AuxlTTiary fuel firing Is required only during start-up or process upsets on 

continuous units because of the higher heating value of the exhaust gases. An 

Incinerator Is used to control emissions In at least one continuous furnace 

plant* but afterburners are reportedly used on most continuous furnaces (117). 

There Is no NSPS for charcoal manufacturing* although the feasibility of 

developing a standard was investigated (115). Charcoal manufacturing facili

ties are generally subject to SIP particulate emission limits and opacity 
regulations. Some plants may be subject to (X) standards. 
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5.10.1.3 Source Locations 

Charcoal manufacturing facilities are located primarily In Missouri* 
Arkansas* and other Southeastern states (118). Missouri accounts for a large 
share of the national production* although about 24 states have a wood 
charcoal Industry. 

5.10.2 Emtsston Factors 

POM emission factor data were available only for a Missouri-type batch 

kiln (119). An average of five sampling runs showed total POM uncontrolled 

emissions of 0.35 gm/hr (770 x 10-6 ib/hr). Based on limited production 

data provided In Reference 119* this translates Into about 3.5 gm/metric ton 

of charcoal produced (0.007 lb/ton). The authors report that the samples* 

collected with a modified Method 5 apparatus and analyzed by gas chromato-

graph* contained benz(c)phenanthrene* benzo(a)pyrene* and "P0M-I1ke" material. 

Four POM compounds were analyzed for* but not detected: d1benz(a*h)anthra-

cene* 3-d1methylcholanthrene* 7*12 dimethylbenz(a)anthracene* and 3*4*5*6-

dlbenzocarbazole. 

It should be noted that the emission tests were considered of question

able value due to the difficulty of sampling the kiln and "the Improvlsatlonal 

sampling techniques" used. No estimate of the accuracy was provided. Also* 

no emission data were reported for the Initial Ignition process during which 

gas can escape from the kiln. 

5.10.3 National Emission Estimates 

The estimated 1978 charcoal production capacity was 376*340 metric tons 

(414*000 tons) distributed as follows (120). 
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Progqgs 

Missouri-type 
batch kiln 

Beehive k11n 

Conttnuing Herreshoff 
furnace 

iPrQ<<»gttQn 

1981,180 

2,730 

3175 |4^Q 

376,370 

y Total 

52.7 

0.73 

45.5 

Charcoal production 1n 1980 was assumed to. be about the same since there has 

been no Indication of growth In the Industry (121). 

Based on these data, national POM emissions from Missouri-type kilns were 

calculated as: 

^198. 180 metric tons charcoal. (Uu 
\metr 

5 m PpM 
letrlc ton yr y 

0.69 metric ton/yr (0.76 ton/yr) 

Although an emission factor was not available for continuous furnace 

production. Is Is expected that POM emissions will be substantially less (on a 

mass per mass of charcoal produced basis) than for batch kilns. This Is 

because of the capability of the continuous furnace to use non-direct fired 

afterburners or Incinerators or to recover the heating value of the exhaust 

gases through other combustion devices. These techniques should reduce POM 

emissions. Thus, at a maximum, total POM emissions from this category should 

be: 

3{99fl5P + I75r^5Q iti9tr1g t<?pg gharcpal 
yr 

= 1.3 metric tons/yr (1.4 tons/yr) 

/3i5 fflP PQM^ fjll9iCl£-t2D^ 
J ymetric tony ^ 10^ gm J 
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This Is a "wopst-case" estimate stnce lit Is based on the higher emission 

factor of the M1ssour1-k11n. 

S.10.4 Trends Infliuenelno, POM Emissions 

There Is a general trend In the Industry toward fewer but larger plants 

that are more amenable to emission control than many of the existing small 

plants. In addition* small plants have been forced to close In some states 

(Florida* .Illinois* Ohio* and Oklahoma) because of problems In complying with 

state emission regulations (121). Also* the level of charcoal production has 

remained relatively stable In recent years. There are no Indications of 

future growth In the Industry* as briquettes are Increasingly being manufac

tured from other materials such as lignite. Thus* POM emissions from this 

category are not expected to Increase In the future. 

5.11 VEHICLE DISPOSAL 

5.11.1 Source Category Description 

5.11.1.1 Process Description 

Three types of techniques are used to remove the organic material from 

auto bodies before they are used as scrap by the steel Industry (usually In 

electric arc furnaces). The organic material can be removed by (122): 

o open burning of whole auto bodies 

o Incineration of whole auto bodies* or 

o shredding of auto bodies and Incineration of the shredded 
steel. 

Incineration of shredded steel Is generally accomplished In rotary kilns. 

The combustion efficiency of the kilns Is relatively high* reducing the 

potential for POM emissions (122). Open burning, has a considerably higher 
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potential for POM emtsslons than Incineration because of the low combustion 
efficiency typical of open burning. 

5.11.1.2 Emission Controls/Regulations 

Open burning Is generally prohibited especially In most metropolitan 

areas* but may still occur either Illegally or outside restricted areas. 

Incineration of whole auto bodies would likely be subject to SIP particu

late matter emission limits applicable to Incinerators. Mechanical col

lectors* wet scrubbers* and ESPs are candidate control technologies for Incin

erators. No specific Information was located with regard to the application 

of controls to Incineration of auto bodies. 

5.11.1.3 Source Locations 

No source location data were readily available. However* Incineration of 

auto bodies would be expected to coincide with steel industry locations. 

5.11.2 Emlsslpn Factor Pflta 

No POM emission factors for vehicle disposal were located. 

5.11.3 National Emission Estimates 

No emission factor or consumption data were located. 

5.11.4 Trends InfltiOTCl'pg PQW Emissions 

The demand for auto scrap by the steel Industry Is Increasing due to an 

Increase In the use of electric arc furnaces. These furnaces can accomodate a 

high proportion of scrap In the furnace feed (122). Concurrently* the In

crease In demand has made shredding and subsequent Incineration of auto body 

steel In rotary kilns more economically attractive (122). The trend toward 
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this higher combustion efficiency technique* combined with continued enforce

ment of open burning prohibittonSf may result in steady or decreased POM 

emissions even* as the demand for auto body scrap is Increased. 

5.12 MOBILE SOURCES 

This section discusses the following mobile source categories with 

potential for POM emissions: 

o gaso1tne-fue1ed autos and trucks* 

o diesel autos and trucks* and 

o rubber tire wear. 

5.12.1 SQtirce Catqqprv Pwqr^ptlop 

5.12.1.1 Process Descriptions 

Gasoline Autos and Trucks—Emissions of PGM from combustion Of gasoline 

In autos and Tight-duty trucks are dependent on several factors* including 

(123): 

o inefficient combustion because of less than stoichiometric 
air to fuel ratios* 

o driver operation techniques that lower fuel efficiency* 

o engine deterioration and combustion chamber deposits* 

o aromatic content of the gasoline and presence of lead 
additives. 

The pyrolysis of motor oil deposits built up on the engine may also be a 

potential source of POM emissions (123). 

Diesel Autos and Trucks—The primary causes of POM emissions from 

diesel combustion in autos and trucks are overloading and poor engine main

tenance (124). However* even under normal operating conditions* diesel autos 
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tend to emft more POM than their gasoHne-fuelled counterparts. The higher 

emissions of POMi may be due to the relatively lower combustion-chamber temper

atures typical of diesel engines (124). Diesel autos'emit 30 to 100 times 

more particulate matter per mile than gasoline autos equipped with catalytic 

converters. Diesel particulates are usually less than 1 pm In diameter and 

consist of a carbonaceous core. Many different soluble organic compounds are 

absorbed on these particles* some of which are POM (125). 

Rubber Tire Wear—Carbon black and other tire materials possibly con

taining POM are released to the atmosphere through oxidation and normal wear 

of rubber tires (124). 

5.12.1.2 Emission Controls/Regulations 

Gasoline Autos and Trucks—The control devices used on recent model 

autos have the capability to reduce POM emissions. Exhaust gas recirculation* 

which was Introduced In 1968* has been reported to reduce PAH emissions by 65 

to 80 percent over uncontrolled (123). Catalytic converters* which generally 
are used on post-1975 models* have been reported to reduce PAH emissions by up 

to 99 percent (123). 

Federal and state mobile source emission regulations generally require 

the use of unleaded gasoline and catalytic converters for recent year models. 

The regulations also limit emissions of NOx* CO* and hydrocarbons (HC) and 

evaporative losses. Seme states have Implemented regular Inspection and 

maintenance (I/M) programs for autos. 

Diesel Autos and Trucks—Exhaust controls are not commonly used on 

diesel-fueled vehicles. However* proper loading* fueling* and maintenance of 

diesel engines can reduce their POM emissions (124). 

Federal and California state regulations limit HC* NOx* evapora

tive losses from diesel autos and light duify trucks. States have the option 
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of Implementing either the Federal or GaHfornla standards# but are restricted 

from Implementing more stringent standards for dlesel-flred vehlicTes (126). 

Rubber Tire Wear—Emission controls or regulations are not applicable 

to this source. 

5.12.1.3 Source Locations 

Source locations data is not applicable to mobile sources# although their 

concentrations are obviously higher In urban areas. 

5.12.2 Emission Factors 

Reference 131 provided emission factors for several PAH compounds emitted 

from gasoline and diesel vehicles (Table 5-23). These values were based on 

measured emission data and "derived emission factors." The emission factors 

were then multiplied by estimated 1979 fuel consumption data for the various 

types of mobile sources to develop the total estimates presented. In the next 

section. The PAH compounds Included are listed In Table 5-24. 

The authors note that the derived emission factors are quite uncertain 

and may vary by a factor of two or more. The two major assumptions used In 

developing the emission factors In Table 5-23 were (131); 

o that the "PAH distributions" for both gasoline and diesel 
vehicles are the same as the distribution for average 
light-duty gasoline vehicles not equipped with, catalytic 
converters# and 

o that all PAH emissions are reduced by catalytic converters 
as much as BaP emissions are reduced by such devices. 

5.12.3 Nfltl'pnfll gmlssipn 

Table 5-25 shows the 1979 estimated PAH emissions from several mobile 

source categories Including gasoline and diesel autos and trucks# buses# 
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TABLE 5-23. PAH EMISSION FACTORS FOR GASOLINE AND DIESEL VEHICLES (131) 

in 
i 
to 
00 

Vehicle Type 

Light-dutyf no 
catalytic converter 

Light-duty* oxidation 
catalyst 

Light-duty* three-way 
catalyst 

Heavy-duty* no 
catalytic converter 

Light-duty 

Heavy-duty 

Fuel Type 

Leaded Gasoline 

Unleaded Gasoline 

Unleaded Gasoline 

Leaded Gasoline 

Diesel Fuel 

Diesel Fuel 

PAH fal^sslon Factopa 
yg/'gal yg/m1® 

45242 

7457 

881 

45242 

48269 

48269 

3235 

418 

45 

9052 

1925 

8048 

D 
% 
Z 

^Table 5-24 lists the POM compounds Included, 

''pg/ml = (pg/gal) 7 (ml/gal) 



TABLE 5-24'. POM COMPOUNDS INCLUDED I-N DERIVED MOBILE SOURCE 
EMISSIONi FACTORS (131) 

Anthracene 

Phenanthrene 

Methylphenanthrene 

Dimethylfluorene 

Dimethylphenanthrene 

FHuoranthene 

Pyrene 

Benzof1uorene 

Benzoanthracene 

Triiphenylene 

Cyclopentapyrene 

Chrysene 

Indenofluoranthene 

Idenopyrene 

Methylchrysene 

l-N1tropyrene 

Benzofluoranthene 
Benzo(e)pyrene 
Benzo(a)pyrene 

Perylene 

Cycl'opentabenzopyrene 

Benzochrysene 

Anthanthrene 

Dtbenzanth racene 

Benzoperylene 

Coronene 

Cyclopentabenzoperylene 
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T^LE 5-25. NATIONAL 1979 PAH EMISSIONS FROM MOBILE SOURCESa»b (131) 
(metric tons) 

Anthracene 
Phenanthrene 
Methylphenanthrene 
Dimethylfluorene 
Dimethylphenanthrene 

F1uoranthene 
Pyrene 
Benzofliuorene 
Benzoanthracene 
Tr1phenylene 

Cyclopentapyrene 
Chrysene 
Indenofiuoranthene 
Indenopyrene 
Methylchrysene 

l-N1tropyrene 
Benzofluoranthene 
Benzo(e)pyrene 
Benzo(a)pyrene 
Perylene 

Cyclopentabenzopyrene 
Benzochrysene 
Anthanthrene 
Dtbenzanthracene 
Benzopery!ene 

Coronene 
Cyclopentabenzoperylene 

350 
1*400 
900 
470 
320 

750 
950 
120 
37 
30 

390 
150 
19 
30 
6 

17 
110 
52 
43 
4 

26 
1 
22 
13 
110 

80 
Ifi 

6*400 

®Total for all PAHs: about (3)(6*400) • about 19*000 metric tons. 

bincludes autos* trucks* motorcycles* railroads* aircraft* ships* and farm 
and military mobile sources. 
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motorcycles* railroads* ships* aircraft* and farm and military mobile sources. 

The emission factors for heavy-du-ty gasoline and dlesel vehicles were used to 

estimate emissions for the categories other than gasoline and' diesel autos and 

trucks. 

The largest portion of PAH emissions from the various mobile source 

categories Is attributable to older gasoline autos not equipped with catalytic 

converters (131). However* emissions from this category are expected to 

decrease as these older vehicles are taken out of service. 

s.12.4 Trends Jnf1H9nclpq PQM Fmlsslpns 

Gasoline Autos and Trucks-~-ConsumDt1on of gasoline In autos and trucks 

Is expected to decrease In future years due primarily to the use of more 

fuel-efficient vehicles* conservation of fuel Induced by Increasing prices* 

and the Increased use of dlesel autos. Between 1978 and 1982* gasoline demand 

dropped by slightly less than 12 percent (128). Combined with continued 
emission control requirements and I/M programs* the trend of decreasing 

gasoline consumption may result In decreased POM emissions from this category. 

Diesel Autos and Trucks—A wide range of estimates exist regarding the 

projected Increase of dlesel fuel In autos. However* It Is likely that at 

least 20 percent of light duty vehicles will be diesel-fueled by 1995 (129). 

Total distillate fuel demand Is projected to Increase at least 2 percent 

between 1982 and 1983* with the majority of the Increase attributed to dlesel 

fuel consumption In autos and trucks (128). 

This trend could result In Increased POM emissions from diesel-fueled 

vehicles If emission control technologies continue not to be used. Potential 

control techniques for diesel engines Include turbocharging and modification 

of the combustion chamber and fuel Injection system (130). These modifica

tions should Improve combustion efficiencies and In turn reduce the POM 

emitted per unit of fuel consumed. 
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RMl?t?9r Tirg Wgar—No significant changes are foreseen In POM: emissions 

from rubber tire wear other than Increases associated with total rallies 

traveled by the vehlc1e~operat1ng population. 
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APPENDIX A 

Additional Calculations for Estimating 

POM Emissions 

from 

Con^ustlon Sources 

Section 

A.l Conversion of Reported Emission Factors 

to consistent units 
y 

A.2 Wood consumption In Industrial boilers 

A.3 Wood consumption In residential stoves 

A.l Conversion of Bteported Emission Factors 

(Common unit basis [•>] lb POM/10^^ Btu heat Input) 

A.1.1 Coal Combustion 

Emission factors were provided In terms of yg or mg per kg of coal 

burned (1). Assume a coal heating value of 11,500 Btu/lb, which Is represen

tative of several bituminous and subbltumlnous coals (2,3). 

™ boU.r..: 

12 
•> 1.65 lb/10 Btu 
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- 3.57 Ib/llO^Btu 

y67zlO"V POM\/ lb coal \/.454 ke\/ lb \ 
Residential. ^ All,500 BtuA lb M454 gm/ 

- 5826 lb/10 "Btu 

A.1.2 Oil Combustion 

Emission factors were provided In terms of POM' per liter of oil 

burned (1). Assume an oil beating value (^6 Resid) of about 150,000 Btu/gal 

(4). 

Utility: [already In terms of Ib/Btu—(5)] •* 2.0 Ib/lO^^Btu 

- 1.17 lb./10"Btu 

_ J 1 /120ml0"^gm P0M\/ liter \/ gal \/ lb \ 
Residential: ( Xo.2642 galAl50,000 BtuA454 gm) 

- 6.67 lb/10"Btu 

A.1.3 Natural Gas Combustion 

Emission factors were provided In terms of Ug or mg per m' of gas 

burned (1). Assume a natural gas heating value of 35,300 Btu/m'[1000 Btu/ft'] 

(6) . 
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IndytrliJ: /IMorV POMw nf \/ lb ) 
\ m' gas A35,,300 BtuA454 ga' 

- 0.69 lb/10"Btu 

("1?; V 

» 4.06 lb/10"Btu 

A.1.4 Wood Combustion 

Emission factors provided in terms of yg or mg per kg of dry wood 

burned (7)'. Assume a (dry) wood heating value of 8600 Btu/lb (8). 

- 237 lb/10"Btu 

Residential /0.27 gm P0M\/0.454 kgW lb \/ lb \ 
Stoves: V kg wood A lb A8600 BtuA454 gm/ 

- 31,400 lb/10"Btu 

Residential /0.029 gm P0MY/.454 kgw lb W lb \ 
Fireplaces: \ kg wood A lb A8600 BtuA454 gm/ 

- 3370 lb/10"Btu 
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A.2 Wood Consunptlon In Industrial Boilers 

Reference 9 reports 1600 wood-fired Industrial boilers with a total 

capacity of 1.04x10^^ Btu/br in operation in 1978. At an average capac-

.ity factor of 60Z (10), this translates into an annual wood consunption of 

(i243^iiBt«J(87SpE)<0.60). 5A7il0"Btu. 

This was the most recent consumption data for wood-fired boilers, and no 

trend data (specific to boilers) were available to allow extrapolation to 

1980'. Therefore, 1978 consumption figures were used to estimate national 

POM emissions from this category. 

A. 3 Wood Constmption in Residential Stoves and Fireplaces 

Reference 8 puts annual wood use in stoves at 26 million metric 

tons (dry basis). Using the estimated 8600 Btu/lb dry wood heating value 

(8) yields: 

(26xl0"g.» 

Reference 8 reports 1980' wood constmption in fireplaces as 17.3 

million metric tons: 

(17. 3x10 • 'g.) 32aicia"Bt.. 
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